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Mayes-Bevan Surveys are a permanent record 


of essential sub-surface data. 


Gravity maps are in daily use by leading oil 
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continually through the years. 
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be operated, a push-button on the microphone brings the 
transmitter into operation. 

Antenna—A special type of vertical half-wave antenna fed by 
a flexible co-axial transmission line is used. The antenna 
gives a low angle of radiation and an effective increase in 
power. The antenna is mounted on top of the truck on a gear 
mechanism so that it may be raised and lowered without 
climbing up on the truck. 


The transmitter and receiver are crystal controlled, and neither 
requires adjustment over long periods of time after installation. 
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ratory has come this improved bullet to 
solve, at long last, the problem of steel 
burrs turned up on the inner wall of the | 
: oil string when it is gun perforated. We 
3 call it the “No-Burr" bullet. It consists of | 
a standard Schlumberger bullet, over the 
nose of which is attached a soft metal 
cap. When the bullet is fired the cap 
travels with it and contacts the casing 
with sufficient impact to prevent the | 
forming of a burr. Consequently, casing 
perforated with Schlumberger "No-Burr" 
bullets offers no obstructions to close- 
} fitting packers or other bottom hole com- 
: pletion equipment. A glance below at the 
un-retouched photograph of a section of 
perforated casing tells the story. “No- 
Burr bullets are available on request. 
... another first for Precision Gun Perforat- 
ing. Schlumberger Well Surveying Cor- 
poration, Houston, Texas. 


Out of the Schlumberger research labo- #i | 


SCHLUMBERGER WO-BURPR BULLETS 
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POROSITY THROUGH DOLOMITIZATION! 


KENNETH K. LANDES? 
Ann Arbor, Michigan 


ABSTRACT 


Some oil pools, notably the Trenton field of Ohio and Indiana, and the Adams and Deep River 
fields in Michigan, produce from locally dolomitized limestones. The porous condition disappears 
laterally where the dolomite grades into limestone. Obviously this porosity is genetically dependent 
on the process of dolomitization. The traditional theory of shrinkage of volume through molecular 
replacement does not fit the facts; neither do the leaching or recrystallization hypotheses. It is sug- 
gested that an excess of solution by ground waters over precipitation during the replacement of 
limestone by dolomite created the porous condition. 


INTRODUCTION 


Much has been written on the origin of dolomite, and on the origin of cavities 
of varying sizes in carbonate rocks; considerably less has been contributed on the 
origin. of the porosity that may be present in locally dolomitized limestone. 
Because this porosity does not extend into the near-by non-dolomitized lime- 
stone, it must be genetically related to the process of dolomitization. It is here- 
after referred to as “local dolomitization porosity” for it is confined to local 
dolomites. 

Local dolomitization porosity is economically important because a con- 
siderable quantity of oil and gas is, or has been, stored in cavities of this type. 
Oil recoveries of more than 25,000 barrels to the acre are possible. Obviously the 
search for such reservoirs presents a difficult problem to the geologist, but perhaps 
a discussion of the occurrence and possible origin of local dolomitization porosity 
will be of some assistance in this search. 


1 Manuscript received, November 29, 1945. 


2 Department of geology, University of Michigan, and Geological Survey, United States De- 
partment of the Interior. Published by permission of the director of the Geological Survey. 

The writer is indebted to Joseph Valentin and the Michigan Limestone & Chemical Company of 
Rogers City for the chemical analyses of well samples; to Car] Addison and the Pure Oil Company for 
samples and constructive criticism; to Raymond Hunt and the Gordon Oil Company and Fred W. 
Oudt and the Shell Oil Company for core samples; to Rex Grant and the Michigan Department of 
Conservation, Geological Survey Division, for well data and a description of the occurrence of oil in 
the Adams pool; to George Cohee of the Geological Survey, United States Department of the Interior, 
for a sample of the Trenton “pay” from Indiana and for advice and encouragement; and to Hugh D. 
Miser, Carle H. Dane, and T. A. Hendricks of the Geological Survey, United States Department of 
the Interior, for constructive criticism of the manuscript. - 
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Unfortunately, the discovery of a body of locally dolomitized limestone does 
not insure finding oil or gas. In Arenac County, Michigan, such discoveries as 
have been made to date have resulted in the opening of new oil fields. Elsewhere 
it has been found that local dolomites are non-porous, or that they are so situated 
structurally that no suitable trap for oil accumulation exists and they are there- 
fore non-productive. These facts were recognized by Orton* who pointed out 
nearly 60 years ago that in the Trenton limestone (dolomite) fields of Ohio and 
Indiana a combination of porosity and favorable structural position was neces- 
sary for commercial oil and gas accumulation. 


EXAMPLES 


The best known example of local dolomitization porosity is in the Lima- 
Indiana field. There the top of the Trenton limestone lies at depths ranging from 
1,000 to 2,000 feet below the surface. The upper 10 to 30 or more feet of the 
limestone has been altered locally to a porous dolomite from which a large quan- 
tity of oil and gas has been obtained. The producing area and the porosity are 
limited to that relatively small part of the total Trenton area in which the upper- 
most limestone beds are dolomitized.*5 

Local dolomitization porosity has become of considerable economic impor- 
tance in Michigan, for several of the recently discovered oil fields produce from 
locally dolomitized limestones. Perhaps the best examples of this are the Adams 
and Deep River pools in Arenac County, north of Saginaw Bay. Carl C. Addison® 
points out that the Adams and Deep River fields are not typical examples of 
local dolomitization porosity in Michigan. They are exceptional examples because 
of high recoveries. He names the Sherman, Coldwater, Fork, Evart, Winterfield, 
and Temple fields as more typical examples. 

Concerning the Adams field, Rex Grant’ writes as follows. 

The dolomite area in the Adams field is limited in size as compared to the field, com- 
prising some 300 acres passing N. NE.—S. SW. at the western edge of the field across the 
northwestern plunging nose of the structure. The maximum width is 1,800 feet, the 
length as now determined (June, 1945) is 2} miles, and the average width is about 950 


feet. 
The first producing well in the dolomite was completed in July, 1940; since then 32 
wells have been drilled, 28 of which are now producing. Up to June 1, 1945, 4,760,477 
barrels of oil have been produced from the dolomite or nearly 15,000 barrels per acre. 
Some older leases have produced more than 25,000 barrels of oil per acre. 

No well in the area has entirely penetrated the dolomite so we cannot say what the 
thickness of the dolomite is. Most wells drill only a few feet into the black, very porous 
dolomite “pay,” which is encountered immediately below the base of the Bell shale. 


’ Edward Orton, “The Geology of Ohio, Considered in Its Relations to Petroleum and Natural 
Gas,” Geol. Survey of Ohio, Vol. 6 (1888), pp. 307-08. 

4 Edward Orton, op. cit. 

5 A. J. Phinney, “The Natural Gas Field of Indiana,” U. S. Geol. Survey Ann. Rept. XI (1889- 
1890), pp. 657-58. 

6 Letter dated August 23, 1945. 

7 Personal communication, July 3, 1945. 
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Where dolomite is not penetrated at this horizon, most dry holes encounter only some 
water in the upper go to 177 feet of the limestone that lies below the shale. 

Two wells on the west edge of the field drilled through 90 feet of barren limestone 
before reaching dolomite but pay production was found in the dolomite. One well made 
2% water upon completion, the other made water at an early stage. Computed original 
bottom hole pressures of 1,234 pounds were essentially the same as in the so-called upper 
dolomite wells. The comparison between bottom hole pressures in the high and low 
dolomite wells takes into consideration the 80-foot difference in total depths. Considering 
the recoveries to date and the evidence cited for the two low wells, it seems reasonable to 
infer that the original oil-water interface was about go feet below the base of the Bell 
shale and that go feet is the approximate thickness of the “pay.” 

Edgewater is nowhere in evidence in the dolomite. Thus the driving force is almost 
entirely bottom hole water. Gas-oil ratios in the field are now approximately 160 cu. ft. 
per barrel as compared with the original 170 cu. ft. 

The dolomitization of limestones of the Rogers City and Dundee formations by per- 
colating waters along vertical or almost vertical fractures seems the most acceptable 
hypothesis, to explain the origin of the dolomite, although the lack of evidence is a handi- 
cap in working out the geology; the wells have penetrated only a short distance into the 
dolomite, and no wells have been drilled completely through it. If this hypothesis is ten- 
able then we may believe that the dolomite extends entirely through the Dundee forma- 
tion. Until a well in the heart of the field is deepened through the dolomite to the under- 
lying Detroit River formation, we will not know whether this condition exists. 


The Deep River field lies northeast of the Adams in T. 19 N., R. 4 E. It was 
discovered in December, 1943, by the Werblo well in the S. 3 of the NW. 3, 
NW. j of Sec. 8. To the present time (June 19, 1945) 32 producing wells and 23 
dry holes have been drilled in the field. The successful wells ranged up to 7,000 
barrels per day in initial production. As shown by the accompanying map 
(Fig. 1) the Deep River pool is long and narrow. It lies on the northeastern flank 
of a structural dome. Higher parts of the dome contain gas in commercial quan- 
tities in the Berea sandstone (Mississippian), but are dry in the Rogers City and 
Dundee formations (Devonian). 

It is obvious from Figure 1 that the distribution of oil in the Deep — pool 
must be controlled entirely by porosity. Some successful wells are structurally 
higher than dry holes, but others are at the same level as, or lower than, dry 
holes. Likewise some wells with the greatest daily production are higher and 
others lower, structurally, than the lesser producers. For example, a 6,000-barrel 
well near the NE. corner of the NW. + of Sec. 16 is 18 feet lower than its west 
offset, a 3,000-barrel well, and 10 feet lower than a 1,000-barrel well at the east. 
It is 6 feet higher, however, than a 5,000-barrel well three locations east. 

The structure contours show exceptional irregularity over much of the Deep 
River field. There is little or no evidence of structural displacement, either 
horizontal or vertical. It is more likely that some settling took place along the 
belt of greatest solution in the upper part of the Rogers City limestone. Such 
settling would produce structurally low zones of high porosity located near the 
axis of the field, which would account for the greater production from some wells 
in those zones than from structurally higher wells in the outer zone. 
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The reservoir rock in the Deep River oil field is the Rogers City limestone 
which underlies the Traverse group and overlies the Dundee formation. Before 
the Rogers City limestone was named® these rocks were placed in the uppermost 
Dundee formation and still are so classified in oil-field terminology. Normally the 
Rogers City is a limestone, but in the Deep River pool, where productive of oil, it 
is dolomite. The unsuccessful wells failed to find either dolomite or sufficient 
porosity for storage of oil in commercial volume. Therefore, the map of the 
Deep River field not only shows the approximate area of the buried oil “‘pool,” 
but it also shows the distribution of porous dolomite and impervious limestone 
in the Rogers City limestone beneath the Traverse rocks. 

The top of the “‘pay” in the Rogers City limestone lies in almost all wells 
within 20 feet of the base of the overlying Traverse group. A few wells struck oil 
at the very top of the Rogers City limestone. All wells finding the top of the 
“pay” within 3 feet of the top of the formation are on or close to the axis of the 
field. The converse, however, is not everywhere true. It is 16 feet to the top of the 
oil zone in one well on the axis. The Deep River pool does not have any evidence 
of a hade to the dolomitized (porous) zone, which would result in its being struck 
by wells on one side or the other of the field at a lower depth. As many of the. 
deeper (6 to 29 feet) ‘“‘pays” appear to be on the northwest as on the southeast 
side of the field. An exception is a small well on the southwest side of the field, 
the Neidwecki well in Section 8, which struck its first and only oil 149 feet below 
the base of the Traverse. At least 10 other wells have drilled this section on the 
same side of the field, some of them equally close to the axis, without success. 

There is but little correlation between depth of the oil zone below the Traverse 
group and amount of initial production. The two best wells drilled into oil in the 
top 3 feet of the Rogers City limestone, but some poor wells did the same. On 
the other hand, a 5,000-barrel well was drilled where the “‘pay”’ was 16 feet below 
the base of the Traverse. This well, like most of the better wells, lies close to the 
field axis. 

The thickness of the dolomitized zone is not yet known for most wells, because 
drilling ceased at the top of the pay zone. The logs of a very few wells show rock, 
supposedly unproductive, below a pay zone from 2 to 6 feet in thickness. Other 
wells, however, record pay zones up to 11 feet in thickness. 


CHEMICAL ANALYSES OF OIL-FIELD CARBONATE ROCKS 


Through the kindness of the Michigan Limestone & Chemical Company, 
Paul V. Thornley, chief chemist, made nine analyses of samples obtained from 
wells drilled in Michigan and Indiana. The purpose of the analyses was to deter- 
mine the MgCO; content necessary for commercial production. The wells in the 
Deep River pool flow as soon as the reservoir rock is struck by the drill, so samples 
of the “‘pay”’ itself can only be obtained by coring. No cores were available from 
a Deep River producer, but one was obtained from the Pinconning well in Bay 


8 George M. Ehlers and Robert E. Radabaugh, “The Rogers City Limestone, a New Middle 
Devonian Formation in Michigan,” Michigan Acad. Arts, Science, and Letters, Vol. 23 (1938), 


Pp. 441-46. 
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County where production comes from similar local dolomitization porosity. A 
sample of the Trenton “‘pay’’ was also analyzed. The analyses are shown in 


Table I. 


TABLE I : 
Location CaCO; CaO SiO: MgO Remarks 
0. 

I Basin Oil Co., Sterling Bank 56.77 31.79 8.06 5.66 12.04 27.17 bg from 2797-2804 
2 NW 4, NE, SE 4 Sec. 8 ell had “show” at 
T. 19 4E., Arenac 797 ft., 800 ft. of oil in 
le at 280 ft., anda 
flow of 200 bbls. /br. at 

2806 ft. 
2 Basin & Rayburn, Klenk 3, 89.27 50.00 2.74 1.54 2.97 6.23 Sample from 2754 to 
SE 3, SE 4, NW 3, Sec. 8, Fa ft. Pay is at 2765- 


T. 19 N., R. 4 E. 7 ft. 
3 Wicklund Development Co., 80.36 45.00 2.64 3.28 6.58 13.81 Sample from 2800-2834 
State-Deep River A-1, ft. % bbl. oil at 2813- 


S 4, SW 3, SE 3 Sec. 6, poo ft. 2000-bbl. well 
T. 19 N., R.4E. 30 ft. east 
4 Basin Oil Co., Sherman 1, 95.11 53.26 1.40 +92 2.33 hole, no water. 
SE 3, NE e Sw 4 Sec. 9, 7000-bbl. well rooo ft. 
7.400, 4E. southwest 
5 Walton S. 94.82 53-10 1.48 1.20 2.33 Dry hole, 2000-bbl. well 
Koziak 1, NW }, NW i, 1000 ft. southwest 
Sw Sec. 15, T. 19 N., R. 
6 Bein & Poe. Neid- 8 9.55 50.15 5.28 2.40 1.26 2.64 Samples from 2779-2810 
wecki 1, SE 3, NW 3, he ft. (Base Traverse at 
Sec. 8, ae oN.,R.4E 2779 ft.) 8 bbl./hr. after 
acidizing from 2927- 
2942 ft. 


7 Snel Oil Co., Kath1,SW3, 56.20 31.47 1.04 2.26 19.19 40.30 Saturated core from 
NW 4 Sec. 2, T. 16N., 2922-2927 ft. Flowed 


R. Bay Co., Mich. 340. bbls. hrs. from 
2898-290: 

8 Gordon Oil Co. Weber 3, 97.68 54.70 +30 -16 .85 1.79 Core fam an ft. Dry 

NW i, NW vi NE } Sec. 7, hole, with top of Dundee 

T. 10 N., 4 E., Arenac (Rogers City) at 2848 

ft. 5000-bbl. well from 


2855-2863 ft., 660 ft. 
east 
9 NE }, SE } Sec. 36, T.24N., 55.61 31.14 1.14 2.08 19.65 41.27 Samples from“pay” zone 


R. E., Blackford Co., in Trenton 
Ind. 


Comments on analyses—Where the MgCO; is 1 to 3 per cent the limestone has 
insufficient porosity for oil or water production. The well from which sample 
No. 6 was obtained did not produce in the limestone at the top of the Rogers 
City limestone but did produce a small quantity in rock of unknown character 
from 149 to 163 feet below. On the other hand, MgCOs percentages of 40 or more 
in areas of local dolomitization porosity insure ample porisity for oil storage. 
Carman and Stout® have noted that magnesium carbonate percentages of 20 
or more are necessary for oil production in the Trenton reservoirs of Ohio. 
Percentages between 3 and 40 may or may not indicate nearness to production. 
The rock with 27 per cent MgCOs; (analysis No. 1) was oil-bearing, but the big 
flow came 2 feet below the base of the sample. The analysis of Sample 2 shows 
6 per cent MgCO; and the rock contained no oil, but oil was produced 3 feet 
below. It is probable that in both wells the partially dolomitic limestone becomes 
true dolomite at the level from which the oil flows to the surface. The samples 
from the Wicklund well (analysis No. 3) contained nearly 14 per cent MgCOs 
but only a showing of oil was found. However, only 330 feet east a well with an 
initial production of approximately 2000 barrels daily was drilled to the same 


9 J. Ernest Carman and Wilber Stout, “Relationship of Accumulation of Oil to Structure and 
Porosity in the Lima-Indiana Field,” Problems of Petroleum Geology, Amer. Assoc. Petrol. Geol. 


(1934), p. 528. 
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level. Presumably this well found true dolomite whereas the well on the west 
penetrated only dolomitic limestone. 


CONCLUSIONS ON OCCURRENCE OF LOCAL DOLOMITIZATION POROSITY 


Some generalizations can be made from the examples of peculiar dolomite 
porosity described in the preceding section. In the first place, there can be no 
doubt but that this porosity was produced during, and as a result of, dolomitiza- 
tion. Its delimitation to that part of a limestone that has been locally dolomitized 
is proof of this relationship. Secondly, the dolomite bodies containing this 
porosity are of local rather than regional extent. To be sure, the area of dolo- 
mitized Trenton limestone covers several hundred square miles, but is small 
compared with the total extent of this formation. In the Deep River pool the 
dolomite is in a narrow elongate body and the total area is small. Delimitation of 
the dolomite within the limestone may be vertical as well as horizontal. The top 
of the dolomitized zone lies at or close to the top of the limestone, and beneath 
a thick shale in both the Lima-Indiana and Arenac County fields. There may 
also be a more than accidental relationship between the position of the dolomite 
body and the rock structure. The dolomitized Trenton limestone in Ohio and 
Indiana is high on the flanks of the Cincinnati arch and its branches and in part 
extends over the top of the arch. The dolomite in the Deep River field is within 
30 to 60 feet of the highest point of the Deep River dome. 

Apparently the cavities in the local dolomites are similar in type. They may 
vary considerably in size, but are interconnecting and make ideal voids for the 
passage and accumulation of liquids and gas. Core and chip samples show that 
the cavities are definitely not interstices between crystals or grains. They tran- 
sect bedding planes and single crystals. Their relationship to the dolomite is the 
same as that of caverns in limestone, although the scale is much smaller. Phin- 
ney’® suggested a solution cause for the cavities in the dolomitized Trenton lime- 
stone 55 years ago. . 

It should be noted that the porosity of the dolomitic portion of the Trenton lime- 
stone is not due wholly to coarseness of grain, for chips and larger masses thrown out of the 
wells by the force of the gas show that even when the rock is hard and compact, small 
cavities are scattered throughout it in such a manner as to suggest that a part of its sub- 
stance had been removed by solution. 

It should be pointed out, however, that in the Indiana specimens at least, the texture 
indicates that in any alteration which may have taken place the porosity is the result of 
loss of substance and not of substitution, as the rock is commonly hard and uniform in 
texture and moderately compact between the irregularly ramified cavities and pores inter- 
spersed through it. 


Furthermore, these cavities may show some alignment: 

It is also of interest to observe that most of the openings show a rough alignment, or 
are confined to a well-defined zone, as if they were the result of solution by waters travel- 
ing along a seam, joint, or bedding plane. This fact strongly suggests the presence gener- 
ally throughout the limestone of enlarged open spaces along induced joints and cracks. 

10 A. J. Phinney, op. cit. 

11 A. W. Lauer, “Petrology of Reservoir Rocks,” Econ. Geol., Vol. 12 (1917), Pp. 455- 
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The shape of the dolomite body at Deep River suggests that both the location 
of the dolomite and of the contained cavities was controlled by a crack or fissure 
cutting through the Rogers City limestone on the north flank of the Deep River 
dome. . 

A core of dolomitized limestone from the Evart field in Osceola County, 
Michigan, shows not only interconnecting cavities, but also drusy crystals (unit 
rhombohedra) of dolomite. An exceptional case of crystal-lined cavities in pebbles 
derived from Carboniferous limestone has been described by Kendall.” 

At the last two localities the pebbles have been very extensively dolomitised subse- 
quently to deposition, for they have in many cases been reduced to a mere shell, usually 
lined with crystals of dolomite. 


Skeats'* noted dolomite crystals lining cavities in limestone in cores from 
Funafuti. 

PREVIOUS EXPLANATIONS 

The presence of exceptional porosity in dolomite has been recognized for 
more than a century, and much has been written on this subject. At least four 
theories have been advanced, but the writer does not believe any of them to be 
adequate. These theories are described and discussed briefly in the following 
paragraphs. 

The classic theory, proposed by Elie de Beaumont" in 1836, is that molecular 
replacement of limestone by dolomite would result in a volume shrinkage of 
between 12 and 13 per cent. In spite of its many flaws this theory still appears in 
articles and textbooks. It should have ceased to receive serious consideration 
after 1912 when Lindgren* in his well known paper on replacement pointed out 
that replacement is on a volume for volume, and not molecule for molecule, basis. 
Five years later Steidtmann" described field evidence for replacement of lime- 
stone by dolomite without volume change. 

The sharp borders between calcite and dolomite grains and knife-edged contacts of 
dolomite invaders in casts prove that certain replacements of calcite by dolomite were ac- 
complished without volume change. No evidence could be found to show that it ever takes 
place with volume change. 


Twenhofel"’ wrote in a similar vein in 1926. 

It has been commonly assumed that in the formation of dolomite by replacement, 
there is an increase in the porosity of the rock formed. Many dolomites are porous and 
cavernous, and this characteristic has been assumed to be typical of all dolomites and to 

2 P. F. Kendall, “On the Brockrams of the Vale of Eden efc.,” Rept. of the British Assoc. for the 
Advancement of Science (1902), p. 605. 

13 E. W. Skeats, “The Formation of Dolomite and Its Beating on the Coral Reef Problem,” 
Amer. Jour. Science, Vol. 45 (March, 1918), pp. 188-89. 

\ Francis M. Van Tuyl, ‘The Origin of Dolomite,” Iowa Geol. Survey, Vol. 25 (1914), p. 286. 

% Waldemar Lindgren, ‘The Nature of Replacement,” Econ. Geol., Vol. 7 (1912), pp. 521-35. 

16 E. Steidtmann, “Origin of Dolomite,” Bull. Geol. Soc. America, Vol. 28 (June, 1917), p. 449. 

% William H. Twenhofel, Treatise on Sedimentation (1926), p. 261. 
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have arisen through replacement after solidification. However, many dolomites have 
more than the required pore space, while others in essentially horizontal positions have 
less than 1 per cent. It is difficult to explain these variations as due to replacement alone. 
Shells which have undergone partial or complete replacement by dolomite in numerous 
instances show no decrease in volume, and it is obvious that field observations do not sup- 
port the view that dolomitization involves a decrease in volume. 


The most detailed attack on the de Beaumont theory was made by Murray'® 
in 1930. He called attention to the fact that no evidence has been advanced to 
support the concept of cavity development through molecular replacement, 
other than the fact that some dolomites are porous and that a single sample of 
dolomite collected from the Austrian Tyrol more than 100 years ago had a 
porosity percentage approximately equivalent to the theoretical volume loss 
which would be produced by the molecular replacement of limestone by dolomite. 
Murray further reminds us that other types of rock shrinkage, such as that 
caused by cooling or dessication, produces cracks instead of cavities. Lastly, 
Murray notes that a bed of dolomite may be very porous at one point and quite 
dense and impervious a short distance away. Obviously, if dolomite porosity has 
been produced by shrinkage of volume during replacement, the dolomite rock 
resulting from replacement would have to be consistently porous. 

The theory that the cavities in porous dolomite are produced by differential 
leaching of carbonate rocks has a number of adherents. There are three divisions 
to this theory, depending on whether the material leached is calcite, dolomite, or 
fossils. The concept of the formation of cavities through the leaching of calcite 
is a by-product of one of the theories of the origin of dolomite. According to this 
idea the original carbonate rock was a mixture of calcite and dolomite crystals, 
and it became dolomite through the solution and removal of the more soluble 
calcite.!® Such selective solution would produce cavities, but not local dolomitiza- 
tion porosity, for the non-dolomitized parts of the carbonate rock are not rich 
enough in dolomite crystals. The volume of dolomite crystals would have to be 
just as great in the non-dolomitized rock as in the dolomite; only the percentage 
would be less. 

The unusual idea that the leaching of some of the dolomite from a dolomitic 
limestone ooze has produced porosity has been expressed by R. H. Fash.?° 

In limestone or dolomite-forming sediments, the acids liberated by the fermentation 
will be neutralized by the sediments. The carbon dioxide formed will dissolve calcium and 

18 A. N. Murray, “Limestone Oil Reservoirs,” Econ. Geol., Vol. 25, No. 5 (August, 1930), pp. 


167-08. 

19 Edward T. Hardman, ‘‘On the Carboniferous Dolomites of Ireland,” Proc. Royal Irish Acad- 
emy, Vol. II, Science (1875-1877), p. 730. 

C. W. Hall and F. W. Sardeson, “Origin of the Dolomites,” Bull. Geol. Soc. America, Vol. 6 


(January, 1895), p. 198. 
Francis M. Van Tuy], ‘‘The Origin of Dolomite,” Iowa Geol. Survey, Vol. 25 (1914), p. 385. 
A. J. Goodman, “Limestone Reservoir Conditions in Turner Valley Oil Field, Alberta Canada,” 


Bull. Amer. Assoc. Petrol. Geol., Vol. 29, No. 8 (August, 1945), p. 1167. 
20 F, M. Van Tuyl, B. H. Parker, and W. W. Skeeters, “The Migration and Accumulation of 
Petroleum and Natural Gas,” Colorado School Mines Quart., Vol. 40, No. 1 (January, 1945), Pp. 34- - 
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magnesium carbonates, causing porosity. Calcium bicarbonate is less soluble than magne- 
sium bicarbonate, and, therefore, in dolomitic limestone, the porosity will be greater than 
in nondolomitic limestone. 


Assuming that Fash is correct in ascribing greater solubility to magnesium 
carbonate, although there is disagreement on this point, one still finds it difficult 
to comprehend how porosity established in sediments would survive burial and 
lithifaction. This theory can not be applied to local dolomitization porosity, for 
the same reasons as given under calcite leaching. 

The vulnerability of dolomite-enclosed fossil shells, especially where calcitic, 
to leaching by ground waters is well known.” The result of this differential leach- 
ing is a highly porous rock in the zone of weathering. Some of the porosity below 
unconformities in regional dolomites is no doubt of this type. But such porosity 
should not be confined to the locally dolomitized parts of limestones. 

Dolomites, in addition to becoming porous through the dissolving of fossils, 
can become porous, and even cavernous, through ground-water solution in the 
same manner as limestones. Murray” and Howard and David® have pointed out 
the importance of ground water leaching of carbonate rocks above the water 
table. Davis™ and Rich** emphasize the possibilities of solution below the water 
table, either by free or confined water. Without doubt ground-water solution, 
either above or below the water table, is of utmost importance in producing 
porosity in carbonate rocks. However, this type of porosity should extend across 
the boundary between limestone and dolomitized limestone and would thus not 
be local dolomitization porosity. 

Lastly, there is the theory that dolomite porosity is produced by recrystalliza- 
tion. This was Orton’s** but not Phinney’s*’ conclusion for the porous Trenton 
dolomite. 

The fact remains in either case that the oil rock is a dolomite, and that its porosity 
results from its highly crystalline character. Interlocking crystalline growths have empty 
spaces between them, and thus furnish adequate storage, as the result has proved, for 
high-pressure gas and great stocks of oil. 


21 F. H. Hatch, R. H. Rastall, and M. Black, The Petrology of the Sedimentary Rocks (1938), 
p. 

2 A. N. Murray, “Limestone Oil Reservoirs,” Econ. Geol., Vol. 25, No. 5 (August, 1930), pp. 
452-69. 

23 W. V. Howard and Max W. David, “Development of Porosity in Limestones,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 20, No. 11 (November, 1936), pp. 1389-1412. 

% W. M. Davis, “Origin of Limestone Caverns,” Bull. Geol. Soc. America, Vol. 41 No. 3 (1930), 
PPp- 475-628. 

% John L. Rich, Discussion, Bull. Amer. Assoc. Petrol. Geol., Vol. 22, No. 7 (July, 1938), p. 918. 

% Edward Orton, “The Geology of Ohio, Considered in Its Relations to Petroleum and Natural 


Gas,” Geol. Survey of Ohio Report, Vol. 6 (1888), pp. 307-08. 
———., “The Trenton Limestone as a Source of Petroleum and Natural Gas in Ohio and Indi- 
ana,” U.S. Geol. Survey Ann. Rept. VIII, Vol. 2 (1886-1887), p. 584. 


27 A. J. Phinney, “The Natural Gas Field of Indiana,” ibid., XI (1889-1890), pp. 657-58. 


: 
| 
i 
3 


POROSITY THROUGH DOLOMITIZATION 315 


Hanna” ascribes the porosity of the Texas Comanche carbonate rocks to re- 
crystallization, but does not confine his theory to dolomitization: “‘ . . . porosity 
is not a function of dolomitization or faunal content, but rather a function of 
recrystallization either with or without dolomitization.’’ Adams”® believes that: 

Recrystallization may also be responsible for some enlargement of porosity and in- 


crease of permeability. It is especially noted in dolomites, but may also be present in lime- 
stones. 


However, recrystallization can not be the answer to the origin of local dolomitiza- 
tion porosity. The pores seen in cores and chips have the irregular rounded walls 
of solution cavities rather than the angular faces of intercrystal voids. 


SUGGESTED THEORY 


The thesis of this study is that local dolomitization porosity results from an 
excess of solution over precipitation during the process of local replacement of 
limestone by circulating ground waters. 

Origin of dolomite—The voluminous literature that has appeared on the 
subject of dolomite origin is concerned mainly with the process or processes 
which produce dolomites of regional extent. Nevertheless, a number of papers 
have been written in which Jocal dolomitization has been ascribed to either 
circulating ground waters or magmatic waters. Among these is the paper by 
Kendall* to which previous reference has been made, in which the dolomitization 
of limestone pebbles in a conglomerate is described. Obviously this dolomite was 
produced by a process of replacement which took place not only after the lime- 
stone was deposited, but also after the limestone had been broken up by erosion 
processes and redeposited as clastic sediment. The importance of fissures or joint 
cracks in supplying channelways for dolomitizing ground waters has been pointed 
out by several, including Geikie.*! 

Dolomite has been produced both on a small and on a great scale. In the north of 
England and elsewhere, the Carboniferous limestone has been altered for a few feet or 


yards on either side of its joints into a dull yellow dolomite, locally termed “dunstone.” 
Similar vertical zones of dolomite occur also in the Carboniferous limestone of Ireland. 


Fault planes are stressed by Hatch, Rastall and Black.® 


Subsequent Dolomitization.—Dolomites of this type are most easily recognized in 
formations which are not completely metasomatized, but still contain relics of unaltered 

28 Marcus A. Hanna, “Alteration of Comanchean Limestones of South-Central Texas,” Jour. 
Sed. Petrology, Vol. 1, No. 1 (April, 1931), p. 47. 

29 John Emery Adams, “Origin, Migration and Accumulation of Petroleum in Limestone Reser- 
voirs in Western United States and Canada,” Problems of Petroleum Geology, Amer. Assoc. Petrol. 
Geol. (1934), 359. 

30 P. F. Kendall, op. cit. 


31 Sir Archibald Geikie, Textbook of Geology, Vol. I (1903), p. 426. 


2 F. H. Hatch, R. H. Rastall, and M. Black, The Petrology of the Sedimentary Rocks (1938), 
193. 
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limestone. In the most characteristic occurrences, the secondary dolomite is clearly related 
to the planes of weakness normally found in solid rocks, the commonest channels of 
dolomitization being fault planes, ioints, and minor fractures. At certain places where the 
Carboniferous limestone of the Pennines is cut by the Craven Faults, for example, the 
fault plane is bordered by dolomite, which also invades the adjacent limestone along joints 
and bedding planes; the less altered limestone is frequently veined by strings of dolomite- 
crystals arranged along irregular cracks, or may contain minute perfectly formed rhombs 
scattered throughout the rock. Away from the faults, dolomite becomes less abundant and 
the altered rock gives way to purer undolomitised limestone. 


Van Hise* considered the problem of whether the dolomitizing solutions were 
descending or ascending, and concluded that the latter was probable, at least in 


many instances. 

As to whether dolomitization takes place more rapidly while the solutions are descend- 
ing or ascending no definite answer can be given without further experimental work. It 
is believed that the process probably occurs throughout the journey of the underground 
water, as explained on pages 636-639. Doubtless in many cases where there is local 
dolomitization adjacent to the main underground circulation channels, the process has 
taken place while the waters were ascending, for, as shown on page 583, the trunk channels 
of underground waters are more often ascending than descending. 


Local dolomitization of limestones by the same solutions that carry the ore 
minerals has been reported in several mining districts, especially Joplin.™ 

Both the megascopic and microscopic character of the ore and gangue shows that the 
ores, the jasperoid, and the dolomite, were deposited from the same solution, for the most 
part simultaneously and in the main as by replacement of limestone. 


Earlier Spur® had called attention to fracture controlled local dolomitization in 


the Aspen district. 

In Aspen there is evidence of two distinct periods at which dolomite was formed. The 
main body of dolomite, consisting of the whole of the Silurian beds and the lower part of 
the Leadville formation, existed previous to the deformation of the rocks by faulting and 
folding, since the dolomite beds are faulted in the same proportion as the rest of the 
strata. Along these main faults and fractures, however, the blue limestone at the top of the 
Leadville formation has been altered irregularly for varying distances on each side of the 
fractures into dolomite, microscopically identical with that formed at the earlier period. 
This later dolomite forms wherever the rock has been open to circulating waters. Thus 
it follows faults and fractures which cut directly across stratification, and also slip planes 
and porous zones conforming with the stratification. As before, the microscopic structure 
shows that the rock was produced by the action of solutions which exchanged carbonate 
of magnesia for part of the original carbonate of lime, but in this case the solutions have 
been comparatively scanty and short-lived, for they have not affected the whole rock, but 
only zones along watercourses. On the other hand, analyses of the locally dolomitized 
zones which traverse the blue limestone, show all transitions from a pure dolomite into a 
pure limestone, the dolomitization growing less as the distance from the fracture along 
which the dolomitizing solutions apparently flowed increases. 

33 Charles R. Van Hise, “A Treatise on Metamorphism,” U.S. Geol. Survey Mon. 47 (1904), p. 807. 

#4 C. E. Siebenthal, “Origin of the Zinc and Lead Deposits of the Joplin Region,” U. S. Geol. 
Survey Bull. 606 (1915), p. 192. 

% Josiah E. Spurr, “Geology of the Aspen Mining District, Colorado,” U. S. Geol. Survey Mon. 
31 (1898), pp. 208-09. 


| 
| 
¢ 
| 
H 
3 
| 
i 
a 
| 
i 


POROSITY THROUGH DOLOMITIZATION 317 


According to Hewett magmatic solutions have caused the alteration of lime- 
stones to dolomite in southern Nevada. 
Limestones of the upper Paleozoic section are extensively altered to dolomite in the 
southern end of Spring Mountain Range. 
Dolomitization was largely effected without appreciable shrinkage in volume. The 
solutions that accomplished it were probably related to the intrusions of orthoclase por- 
phyry. It is clearly of hydrothermal alteration. 


Bernauer*’ ascribes the origin of the banded dolomite of Burs, Vorarlberg, 
Austria, to leaching of the more soluble limestone layers followed by the deposi- 
tion of dolomite in the cavities and in the immediately contiguous limestone. 

The writer believes that the local dolomitization which has produced local 
dolomite porosity has been caused by circulating ground waters. These were 
moving in an artesian system and were probably ascending at the time of 
dolomitization. At lower depths the waters had passed through older, regional 
dolomites and had picked up magnesium from those rocks. In the Adams and 
Deep River pools the circulating solutions were confined to a single master frac- 
ture. The Trenton limestone in the Lima-Indiana field is apparently traversed 
by many fractures, so that the dolomitization was more widespread. The answer 
to why the dolomitization is largely confined to the upper part of the limestones 
may be the presence of an overlying thick shale which might partially dam the 
ascending solutions so that they spread out and moved laterally in the upper part 
of the limestone. 

Origin of cavities —The voids in the dolomite have all the characteristics of 
solution cavities. They are irregular in shape, and possess cross-cutting relation- 
ships to the minerals and laminae in the rock. Yet they can not have been formed 
by ground water leaching or the neighboring limestone would be similarly honey- 
combed. 

The replacement process, as demonstrated by Lindgren and others, is in 
reality two processes: solution and precipitation. Ordinarily the second process 
keeps up with the first, so that volume for volume replacement results. But this 
is not necessarily so. According to Lindgren:* 


Solution and precipitation go on practically simultaneously dependent upon the 
constantly changing equilibrium, the supply of solvent and the facility of escape for the 
dissolved material. Two or several minerals may be dissolved at the same time to make 
room for the new as in the replacement of shale by a pyrite crystal. The volume of the rock 
remains constant, held by pressure. The moment a place is available some mineral will 
separate out from the concentrated solution. This law fails to apply in free crystals or when 
rock pressure can be overcome by the force of crystallization, or when a solid is replaced 
by a gel, or when the solutions circulate so rapidly that there is a strong balance in favor of 
solution. (Italics by present writer.) 

% D. F. Hewett, “Dolomitization in Southern Nevada,” Bull. Geol. Soc. America, Vol. 35, No. 1 
(March, 1924), pp. 124-25. 

37 Ferdinand Bernauer, “Gebinderte Carbonatgesteine und ihre Umwandlung,” _— Jahrbuch, 
Beil.-Bd. 66 (1933), Abt. A, H.3, pp. 362-80. 


38 Waldemar Lindgren, Mineral Deposits (1933), Pp. 174. 
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A footnote on an earlier page (page 93) in Lindgren’s text contains the following. 
When a rock is permeated by strong, rapidly moving liquids, solution may overtake 
deposition and a drusy structure may result. But even in this case the bulk volume is 
likely to remain about constant, except under very heavy pressure. 


The writer®® has elsewhere developed the theory of excess solution over 
precipitation to explain cavities in pegmatites and ore deposits where replace- 
ment processes have been operative. Although magmatic rather than meteoric 
solutions were there involved, the mechanics of replacement should be the same. 
Incidentally, the cavities thus formed in pegmatites and ore deposits are lined 
with crystals brought in by the replacing solutions in the same way that the 
dolomite cavities are lined with dolomite crystals. 

This theory would explain the presence of ‘‘tight”’ dolomite surrounded by 
porous dolomite. In the zones of impervious dolomite, precipitation kept pace 
with solution, which is the general rule except where circulation was most 


active. 
CONCLUSIONS 


The theories advanced heretofore to explain the porosity that is confined to 
locally dolomitized zones in limestones are inadequate. The writer believes that 
local diastrophism has produced master fissures in the limestone-containing 
section; that an artesian circulation has been developed which has carried waters 
through deeper dolomites and up into the limestone; and that these waters have 
replaced some of the limestone by dolomite that is locally porous where there 
was an excess of solution over precipitation during the replacement process. 

One wonders how much undiscovered oil is locked up in the earth’s crust in 
reservoirs of this type. Allegedly ‘‘dry” domes, tested by one or two wells near 
the top, may contain oil in a belt of local dolomitization porosity on the flanks. It 
is suggested that, in regions where oil is known to occur in reservoirs of this type, 
(1) exploration be not confined to the tops of anticlines, and (2) samples be 
analyzed for magnesium carbonate content. A dry hole in which the limestone 
samples contained more than average in MgCOs; would encourage exploration 
laterally in the hope of finding true dolomite. 


3° K. K. Landes, “The Paragenesis of the Granite Pegmatites of Central Maine,” Amer. Miner- 


alogist, Vol. 10 (1925), No. 11, pp. 363-66. 
. “Criteria of Age Relations of Minerals,” Econ. Geol. Vol. 27 (1932), No. 2, p. 211. 
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ABSTRACT 


All the important producing oil fields in Europe west of Russia are in the region of the Carpathian 
Mountains. They are a northern offshoot of the Alps beginning with the Little Carpathians 30 miles 
east of Vienna and extending in an arc through southern Poland and Rumania, crossing the Danube 
to bend eastward into the Balkan Mountains. Inside the arc are the Pannonian, Transylvanian, and 


smaller basins. 

The major fields of Poland, the small pools in eastern Rumania, and the major fields of the 
Ploesti region in Rumania are on the outer fringe of the Carpathians; the large gas fields of Transyl- 
vania, and three fields in southwestern Hungary lie inside the arc, while the Austrian fields are out- 


side. 
Oil in the Vienna Basin fields is produced from upper Miocene (Sarmatian), from the Schlier 
(middle lower Miocene), and from Flysch, all associated with faulting along a buried Flysch ridge. 

The major production in Poland is from Oligocene beds in complicated overthrust structures; 
the several unimportant fields in eastern Rumania occur mostly on overthrust structures in the 
Oligocene with minor Eocene and lower Miocene production; the south Rumania (Ploesti district) 
major fields, which account for 98 per cent of the country’s oil, produce mainly from the Pliocene 
(Dacian and Meotian), with some Miocene and less Oligocene accumulation. In Rumanian fields 
salt has played an important part in the folding and faulting, with minor overthrusting. The great 
Transylvanian gas fields produce from Sarmatian on anticlinal structures. In southwest Hungary 
(Transdanubia) the major fields are found in normal anticlines, the accumulation being in lower 
Pliocene. 

All the important producing fields in Europe west of Russia are in the region 
of the Carpathian Mountains. Eventually other important producing districts 
may be found, but to the present outside the Carpathian region are only the 
minor producing fields of Albania, Italy, northern Germany, eastern France, and 
Great Britain. 

The Carpathians are the northern offshoot of the Alps, the Dinaric Alps being 
the southern. They begin with the Little Carpathians 30 miles east of Vienna, 
extend in an arc through Slovakia and southern Poland, thence soutiiward to 
Buzau, Rumania, where they make a sharp bend and trend almost due west, this 
section being called the Transylvanian Alps. Near the west border of Rumania, 
they swing sharply southward to cross the Danube at the ‘‘Iron Gates” and then 
again eastward in Bulgaria to form the Balkan Mountains. 

Inside the large arc from the Little Carpathians to the west end of the 
Transylvanian Alps is a basin area. This is cut up into one large basin, the Pan- 
nonian, and a number of smaller ones by a series of inner disconnected mountains. 
The largest of these smaller basins is the Transylvanian basin. 

The Carpathians as far as the Ialomita River in Rumania are made up pri- 
marily of sedimentary rocks, Cretaceous and Tertiary, deposited in a geosyn- 
cline. This geosyncline was shifted gradually outward, the last remnant being the 
Pliocene Lake around the Buzau bend in the mountains. 

West of the Ialomita the geosyncline either did not exist or it was south of 


1 Manuscript received, November 16, 1945. 
? Geologist, Standard Oil Company (New Jersey). Formerly with Romano Americana. 
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OIL FIELDS OF CARPATHIAN REGION 
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the present mountains. It does not appear to have existed except on a minor scale 
in the Balkan Mountains. 

Oil fields are found on the outer fringe of the Carpathians and in the interior 
basins. To the present, the outer have been by far the most important (Fig. 1). 
From west to east on the outer fringe there are four producing districts. 
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1. Vienna basin (several minor fields in Austria and Czechoslovakia) — 
The Austrian fields were new and were rapidly developed during the war. The 
producing formations are in the Miocene and the Flysch (undifferentiated 
Cretaceous to Oligocene). 

2. Polish fields (two major fields and many small ones).—All are situated 
within the strongly folded and overthrust foothill belt of the mountains. Oil is 
produced mostly from the Oligocene, but the Eocene and Cretaceous furnish 
some oil. A few gas fields have been found in the Miocene north of the overthrust 
zone. 

3. East Rumania (several minor fields in the foothills region, similar to 
producing areas in Poland).—Oil is produced from the Oligocene for the most 
part, but some is obtained from the Miocene. 

4. Ploesti district (major fields producing mostly from the Pliocene).—This 
area to date has furnished 98 per cent of the production in Rumania. 

Inside the Carpathian arc are four producing districts. 

1. Transylvanian basin.—Large gas fields have been developed in the upper 
Miocene. 

2. Transdanubia.—Three oil fields have been developed in the lower Pliocene 
near Nagykanizsa, Hungary, southwest of Lake Balaton. Some oil has also been 
produced west of this area in Yugoslavia. This is either a separate basin or an 
offshoot of the large Pannonian basin. 

3. Pannonian basin.—Very few wells have been drilled in the main part of the 
Pannonian basin, and none produces commercially. A few wells have found gas 
and condensate in the lower Pliocene, and therefore lend encouragement for 
future prospecting in this area. Asphalt sands occur in the upper Pliocene on the 
east rim of the basin northeast of Oradea Mare, and in the Miocene on the north- 
west edge of the basin near Tard. 

4. Minor quantities of oil have been produced from the Miocene in the 
vicinity of Zagreb and the Oligocene at Bukkszek northeast of Budapest. 

The sections used for the present report have been chosen to illustrate only 
fields in which oil occurs under exceptional structural conditions. No sections are 
given for the more regular anticlinal or fault type of field. 


“VIENNA BASIN 


The production in the Austrian section of the Vienna basin is along a ridge 
of Flysch which occurs within the basin. On the east side, this ridge is in normal 
fault relations with upper Miocene (Fig. 3). Oil is produced from Miocene sands 
on the downthrown side and from fractured Flysch on the upthrown side. Fifteen 
or more Miocene sands have been proved productive, but each one for not more 
than a few hundred feet from the fault. The Flysch is intensely folded but the oil 
occurrence appears to be independent of the folding and to be controlled by 
fracture zones instead. Only meager information is available on the Flysch 
production as it was not developed intensively prior to the war. During the war 
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production has also been developed from the Schlier (Miocene) formation west of 
the fault. The producing area extends 7 miles along the fault but is probably not 
continuous. At the north, in Czechoslovakia, two small fields, Goding and Egbell, 
also producing from the upper Miocene, were discovered between 1914 and 1918. 
A number of failures have also been drilled outside of the main part of the basin. 
No recent production figures are available. 


POLAND 


The Polish oil fields are all in the foothill belt of the Carpathians, in which 
the Flysch—made up of Cretaceous to Oligocene—is closely folded and ex- 
tensively overthrust. 

Three Flysch overthrust sheets, Internal, Median, and Marginal, have been 
recognized. Each of these is productive, but the greatest number of fields occur 
in the Median unit. Only a few fields have been found in the Marginal but these 
are the most important. The Oligocene is the main producing series. 

Structural conditions are very complicated, as illustrated in the Boryslaw 
and Bitkow cross sections. In one section of the Boryslaw field, wells pass through 
from top down, Upper Cretaceous, Lower Cretaceous, Eocene, Upper Cretaceous, 
Lower Cretaceous, Mio-Oligocene, and finally lower Oligocene (Fig. 4). 

No satisfactory method of prospecting in the overtkrust sheets has been 
developed. Some of the shallow fields are located on narrow anticlinal folds within 
these overthrust sheets but surface structure has been found to be of little as- 
sistance in trying to predict conditions at depth. 

It is no wonder, therefore. that new oil fields have been difficult to find. 
During the period from 1901 to 1912, three discoveries were made and these are 
credited with a total ultimate yield of only 2,100,000 barrels. Only one minor 
discovery, Bitkow, was made between 1913 and 1939 (Fig. 5). The Boryslaw field, 
with an estimated ultimate production of 205,000,000 barrels, and one near-by 
field credited with 24,000,000 barrels, are the only two major fields; the remainder 
are all less than 10,000,000-barrel fields. 

Production reached a peak of 41,000 barrels per day in 1909 and has declined 
consistently since then. In 1938, the last year of normal operation, the rate was 
10,000 barrels per day. 

There is no Pliocene basin in Poland in front of the mountains as in South 
Rumania, and the Miocene rocks are only slightly folded. A few gas fields have 
been found in the Miocene. Paleozoic rocks are exposed north of the Dneister 
River. 

Judged from Poland’s history, complicated structure, and lack of the younger 
series which have been prolific on the south, it does not appear that it will ever 
be a major factor in oil production. 


EAST RUMANIA 


Three Oligocene and several Miocene fields are found in East Rumania. All 
are of minor importance. The Oligocene fields are in the Carpathian foothills in 
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overthrust sheets of the Polish type. The Miocene which is relatively undisturbed 
in Poland is closely folded in this part of Rumania, and some oil of minor quantity 
has been obtained from it (Fig. 6). Little exploration work has been done in this 
area because of the cheap production in South Rumania. All the present produc- 
ing fields were discovered about 1860 or earlier. 


SOUTH RUMANIA 


The South Rumanian fields have furnished 98 per cent of Rumania’s produc- 
tion (Fig. 7). 

The producing fields are limited to a very small area; all the larger and most 
of the small fields lie within a rectangular area 45 miles long and 15 miles wide. 
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They are similar to other important Tertiary regions of the world rather than to 
the special type of fields in Poland and East Rumania. Production for the most 
part is from the Pliocene, along faults and folds in the Pliocene basin rather than 
from overthrust sheets. Salt has played an important part in the folding and 
faulting and in several places occurs in the form of dikes several miles long. Over- 
thrusts of the Polish type do not seem to be developed in the Ploesti region, 
probably because the Flysch geosyncline dies out in this area. 

Recent developments have shown that thrust faults in the Miocene and 
Pliocene in certain areas are more nearly horizontal than formerly thought. In 
the Magurele area, for example, the Miocene appears to be thrust several kilo- 
meters out over the Pliocene (Fig. 8). A similar situation is suggested by the 
drilling at Ocnita-Gorgota but here the control is less definite (Fig. 9). These 
relatively minor overthrusts have yet to be proved of importance in connection 
with oil developments in the Ploesti region. 
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The most important producing area is the Moreni-Baicoi trend, from which 
has come approximately two thirds of the oil produced in Rumania (Figs. 7, 11- 
13). Moreni and Baicoi are both piercement-type salt anticlines. The dike-like 
salt at the surface has a maximum width at Baicoi of 1100 meters (0.7 mile). The 
Moreni salt mass is narrower but is 6400 meters (4 miles) long. Extensions of 
producing areas and the opening of deeper sands along this trend, especially in 
the Moreni district, accounted, more than actual new discoveries, for the great 
increase in production between 1920 and 1936. Only three major discoveries, 
fields of more than 25,000,000 barrels, were made between the two World Wars. 

There are two principal producing series in the Pliocene—Dacic and Meotic, 
the Dacian being the younger. The Dacic is very prolific where it is productive 
but oil occurrences in it are very erratic and of limited extent. Throughout the 
proved area of the Dacic series, the average production is 120,000 barrels per 
acre. At Moreni, the best section of the south flank of the salt anticline averaged 
350,000 barrels per acre, but on the opposite side of the salt from this very rich 
section, no oil whatsoever occurs in this formation. Oil from the Dacic is produced 
for the most part along the Moreni-Baicoi trend. On the series of anticlines south 
of this rich producing belt, this series has produced only minor quantities of dry 
gas. No satisfactory theory has been offered to explain the erratic nature of the 
oil and gas occurrences in the Dacic. The Meotic is more regular and is ordinarily 
found productive where structural and sand conditions are favorable. This series 
is much less rich than the Dacic—averaging 30,000 barrels per acre throughout 
its proved area. 

In general, the oil situation in Rumania is shown by the declining production 
curve. From a production of 20,000 barrels per day in 1920, the rate reached a 
peak of 178,000 barrels in 1936. Since that time it has dropped steadily, the rate 
in August, 1945, being 100,000 barrels. Unless important new discoveries are 
made, it can be expected to continue to decline. 

From the small extent of producing area as compared with the length of the 
mountain front, it appears to be a simple matter to find new fields but that this is 
not the case is shown by the fact that only three major fields have been found in 
the last 30 years. Toward the west the producing sands in the lower Pliocene play 
out, and toward the northeast the limit of the Pliocene depositional basin appears 
to have been at the Trotus River. 

The only other development of any importance in Rumania is the Tran- 
sylvanian gas region. Seven or more domes have been found to yield dry gas in 
large quantities. The gas is from the upper Miocene. The Pliocene series which 
produces in southern Rumania and southwestern Hungary was not deposited in 
the Transylvanian basin. 


TRANSDANUBIA-HUNGARY 


To date the only oil production in Hungary of any consequence is that de- 
veloped in the small Pliocene basin southwest of Lake Balaton (Fig. 1). It is not 
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known whether this is a separate basin or whether it is connected with the large 
Pannonian basin on the east. Three fields have been found, the first being dis- 
covered in 1937. Two of these fields, Budafapuszta and Lovaszi, are of major 
importance, having reserves of more than 25,000,000 barrels. They produce from 
the lower Pliocene, which in age is the equivalent of the Meotic in Rumania. The 
third field, Hahot, which was discovered during the war, is producing from Trias- 
sic dolomitic limestone underlying the Pliocene. The Budafa and Lovaszi fields 
are all normal anticlines whereas the structure of the Hahot field is of the buried- 
ridge type. The maximum production of 18,800 barrels per day was reached in 
October, 1943. By July, 1945, production had declined to 13,500 barrels per day. 

In 1942-1944, twenty-two exploration wells were drilled in this section of 
Hungary. Except for the discovery of the Hahot field all were failures. 


PANNONIAN BASIN 


No production has yet been established in the large Pannonian basin. Twelve 
exploration wells were drilled here during the war, and gas and condensate were 
found in two areas—Totkomlos and Korosszegapati, north and west of Arad. 
The area is covered by a thick section of Quaternary deposits, and therefore all 
exploration work has to be done on the basis of geophysical studies. 
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MICROPALEONTOLOGY OF UPPER CRETACEOUS AND 
PALEOCENE IN WESTERN ECUADOR! 


HANS E. THALMANN? 
Guayaquil, Ecuador 


ABSTRACT 


The Upper Cretaceous of western (coastal) Ecuador is represented by the Callo and the Guaya- 
quil formations, the Paleocene by the Estancia formation. The three formations are extremely poor 
in Foraminifera and other microfossils in contrast with their time equivalents in northern Peru and 
northern Colombia. Notes are given on type locality, general lithology and microfossil content for 
each formation. 


INTRODUCTION 


The sedimentary rocks of Upper Cretaceous and Paleocene age in western 
Ecuador comprise a diversity of rocks of more than 12,000 feet in thickness. They 
are relatively poor in microfossils compared with the rich foraminiferal strata 
of the same age in northwestern Peru and northern Colombia. 

The geologists of the International Ecuadorean Petroleum Company have 
made a two-fold subdivision of the Upper Cretaceous beds in western Ecuador, 
that is, the coastal region west of the Andean ranges. The lower part, Callo forma- 
tion, is a series of compact well bedded dark green to greenish gray tuffs weather- 
ing pale green to ash-gray, grits, and sandstones made up of fine breccias of 
volcanic material. The sediments are hard and erosion-resisting, and reach a 
thickness between 10,000 and 11,000 feet. The type locality is situated along the 
southern shore of the Callo Bay, Manabi Province. Excellent exposures can be 
studied in the Sierras de Chongon and Colonche, which stretch in the form of 
a boomerang-shaped arch, 8 kilometers broad, from Guayaquil as far as the sea 
coast north of Salango. The contact with the overlying upper part, Guayaquil 
formation (Guayaquil chert series), is gradational, as shown where the coarse 
clastic and tuffaceous sediments of the Callo formation pass upward into cherts 
with tuffs. The Guayaquil formation is composed essentially of silicified tuffs 
with thin-bedded buff to black cherts and thin partings of hard dark gray tuffa- 
ceous shales, reaching about 1500 feet in thickness in the Sierras de Chongon and 
Colonche, and, under the name of ‘Santa Elena cherts’’ in the Santa Elena 
Peninsula, attaining a thickness of 2000 feet. The type locality of the Guayaquil 
formation is opposite the bridge over the Estero Salado at the western exit of- 
the town of Guayaquil, in the neighborhood of the railroad station, Guayaquil- 


.’ Manuscript received, November 29, 1945. Published by permission of the directors of the Inter- 
national Ecuadorean Petroleum Company, Toronto, Canada. 


2 Chief paleontologist, International Ecuadorean Petroleum Company, Guayaquil, Ecuador, 
South America. The writer wishes to acknowledge with thanks the excellent collaboration of his 
colleagues R. W. Landes, O. L. Haught, F. M. Ayers, and J. P. Gallagher, geologists of the Inter- 
national Ecuadorean Petroleum Company, who collected the material and studied the field relation- 
ship of the formations dealt with in this paper. His thanks are also due to B. F. Zwick, O. C. Wheeler, 
and C.A. Durham for their interest in the writer’s work during his connection with the International 
Ecuadorean Petroleum Company from 1942 to 1945. 
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Salinas. Readily accessible outcrops are in the quarries of the Santa Ana hill 
bordering the town of Guayaquil on the north. The Guayaquil formation was 
regarded as being Upper Cretaceous in age by Th. Wolf, J. H. Sinclair and 
C. P. Berkey,‘ E. Willard Berry,’ G. Sheppard,*§ and Thalmann.’ It must, how- 
ever, be emphasized that Sheppard’s “Guayaquil limestone,”’ which was micro- 
paleontologically studied by T. W. Vaughan,® forms no part of the Guayaquil 
formation. It is Eocene in age and its type locality is in the quarries of the 
Fabrica de Cemento Nacional “‘Rocafuerte” at San Eduardo, 5} kilometers west 
of Guayaquil zero point (Parque del Centenario). 


I. UPPER CRETACEOUS IN WESTERN ECUADOR 
I. CALLO FORMATION 


The earliest evidence of the presence of microfossils, mainly Foraminifera 
and Radiolaria, in Upper Cretaceous sediments of western Ecuador is found in 
the thin-bedded dark gray and black calcareous shales and limestones which form 
the basal 40 feet of the Callo formation in an old quarry at Calentura, on the east 
side of the Guayas River near Guayaquil, north of the railroad station, Duran or 
Eloy Alfaro (Guayaquil-Quito Railroad). The type locality of the so-called 
Calentura member of the Callo formation is 7.3 kilometers north and 5.8 kilo- 
meters east from Guayaquil. The shales are so indurated that even the use of 
different methods of disintegration do not yield free specimens of Foraminifera. 
Shales and limestones, therefore, had to be studied by thin sections in which the 
following abundant minute (highly dwarfed) species were observed. Minute 
Radiolaria are also present. 

Giimbelina sp. cf. G. striata (Ehrenberg) 


Giimbelina sp. cf. G. globulosa (Reuss) 
Globigerina cretacea d’Orbigny 


Other outcrops of the Calentura member occur in the headwaters of the Rio 
Paco, Pascuales area, of the Colonche Hills, where they overlie pre-Upper 


3 Th. Wolf, “‘Geognostische Mittheilungen aus Ecuador,” NV. Jahrb. f. Min. etc. (1874), pp. 377- 


98. 
, Geografia y Geologia del Ecuador, Leipzig (1892). 


4 J. H. Sinclair and C. P. Berkey, “Cherts and spout Rocks of Santa Elena Oilfield, Ecuador,” 
Trans. Amer. Inst. Min. Met. Eng., Vol. 9 (1923), Pp- 79-9 
, “Geology of Guayaquil, Ecuador, South Psi Amer. Jour. Science (1924), pp. 491- 


97- 
5 EF. Willard Berry, “‘Cretacic Rocks of Ecuador,” Pan-Amer. Geol., Vol. 48 (1927), PP- 37, 38: 
( 6 “. Sheppard, The Geology of Southwestern Ecuador, Thomas Murby and Company, London 
1937. 


7 Hans E. Thalmann, “Notas sobre estudios micropaleontolégicos de las formaciones cret4ceas 
y terciarias en la regién litoral del Ecuador,” Bol. Inst. Sudamer. del Petroleo, Vol. I, No. 3 (1944), 
Pp. 201-06. 


, “Resumen de las investigaciones micropaleontolégicas en el Ecuador,” Ecuador Petrolero, 
Vol. I, No. 1 (Septiembre, 1945), pp. 22-24. 


8 T. W. Vaughan, in G. Sheppard, of. cit. 
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Cretaceous pyroclastics and igneous extrusives. Thin sections of the hard black 
shales revealed the presence of the following foraminiferal assemblage. 

Globigerina cretacea d’Orbigny 

Globigerina sp. sp. (minute forms) 

Giimbelina sp. cf. G. striata (Ehrenberg) 

Giimbelina sp. cf. G. paucistriata Albr. 

Giimbelina sp. cf. G. globulosa (Reuss) 

Globotruncana sp. cf. G. renzi Thalmann 

Globorotalia sp. 

Flabellammina sp. 

Nodosaria sp. 

Bolivina sp. 


Reophax (?) sp. 
A rotaloid form of the Anomalina-Cibicides-Planulina group 


A rather good-sized ostracod 
Prisms of Inoceramus sp. 
Minute Radiolaria 

Although the list represents a poor assemblage, in which determination of the 
species had to be made according to the outline of their form seen in thin sections, 
the presence of the Cenomanian-Turonian index species Globotruncana renzi 
Thalm., associated with primitive Giimbelinae, and the fact that at least two 
species of well preserved Inoceramus were collected by R. W. Landes, geologist 
of the International Ecuadorean Petroleum Company, indicates a geological age 
for the Calentura member of the Callo formation not older than Cenomanian and 
not younger than Turonian. The Calentura member is, therefore, the time 
equivalent of the La Luna limestone of Venezuela, and of the upper part of the 
Napo formation of the Oriente region of Ecuador. Its equivalent in northwest 
Peru is the Copa Sombrero formation, and in Colombia the Tablazo shale. 

Hundreds of thin sections through various lithological types of the Callo 
formation collected from the interval between the Calentura member at the base 
and the Guayaquil formation at the top were examined in the course of the last 
3 years. Only Radiolaria were found. Very exceptionally a few fragments of 
foraminiferal tests could be observed but not determined. The main genera of 
Radiolaria seen are Staurodicta, Stylodicta, Dictyomitra, Spongodiscus (abundant), 
Stylotrochus, and, rarely, Spongosaturnalis. In this respect, the Callo formation 
resembles to a certain degree the siliceous Radiolaria-containing sediments of the 
California Upper Cretaceous. 

Only in the upper part of the Callo formation, exposed along the southern and 
southwestern side of the Chongon-Colonche Hills, was it possible to detect a few 
interesting localities which yielded a fairly good Upper Cretaceous foraminiferal 
assemblage. The most prolific of these localities is found in the Paja area, on the 
right bank of a small creek, about 550 meters southwest of the village, Secal 
(Guayaquil co-ordinates: north 72.9 km; west 78.2 km). The list of provisional 
determinations follows. : 


Anomalina sp. sp. (2 species) 

Bolivina incrassata Reuss 

Bolivina sp. cf. B. primatumida White 
Bolivina sp. 
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Bolivinopsis rosula (Ehrenberg) 

Bulimina reussi Morrow 

Bulimina kickapooensis Cole, var. 

Bulimina sp. sp. (2 species) 

Cibicides coonensis Berry 

Cibicides sp. sp. (at least 4 species) 

Discorbis sp. sp. (2 species) 

Dorothia bulletta (Carsey) 

Dentalina megapolitana Reuss 

Dentalina reusst Morrow 

Dentalina sp. sp. (mostly in fragments, 5-6 species) 
Ellipsoglandulina sp. cf. E. velascoensis Cushman 
Frondicularia linearis Franke 

Frondicularia sp. cf. F. goldfussi Reuss 
Frondicularia sp. cf. F. cordata Roemer 
Frondicularia sp. (fragment) 

Gaudryina sp. sp. (2 species) 

Gaudryina (Pseudogaudryina) pyramidata Cushman 
Globorotalites sp. cf. G. michelinianus (d’Orbigny) 
Giimbelina globulosa (Ehrenberg) 

Giimbelina plummerae Loetterle 

Giimbelina sp. sp. (possibly 2 species) 

Gyroidina anomalinoides White 

Gyroidina sp. 

Gyroidinoides nitidus (Reuss) 

Lagena sp. sp. (3 or 4 species) 

Lenticulina rotulata Lamarck 

Lenticulina sp. sp. (2 or 3 species) 

Marginulina sp. sp. (2 species) 

Marginulinopsis sp. sp. (2 or 3 species) 
Marssonella oxycona (Reuss) 

Neobulimina sp. cf. N. canadensis Cushman & Wickenden 
Nodosaria obscura Reuss 

Nodosaria sp. sp. (at least 5 species, mostly in fragments) 
Palmula primitiva Cushman 

Palmula sp. cf. P. rugosa (d’Orbigny) 

Planulina taylorensis (Carsey) 

Planulina sp. sp. (possibly 2 species) 

Polymor phina sp. 

Pseudoclavulina clavata (Cushman) 
Pseudoglandulina sp. cf. P. manifesta (Reuss) 
Pseudovalvulineria lorneiana (d’Orbigny) 
Pullenia americana Cushman 

Pyrulina sp. 

Reussella sp. cf. B. minima Brotzen (or new species?) 
Robulus miinsteri (Reuss) 

Robulus sp. cf. R. pondi Cushman 

Robulus sp. sp. (2 or 3 species) 

Siphogenerinoides cretacea Cushman 
Siphogenerinoides sp. cf. S. parva Cushman 
Textularia sp. sp. (at least 2 species) 

Vaginulina sp. sp. (2 species) 

Vaginulinopsis sp. sp. (2 species) 

Valvulineria allomor phinoides (Reuss) 
Valvulineria sp. 


Another good foraminiferal assemblage was encountered in a green silicified 
tuff collected from freshly dug oil pits at Carolina, near La Libertad, in the Santa 
Elena Peninsula. Excellently preserved specimens of Bolivina incrassata Reuss, 
Palmula rugosa (d’Orbigny), associated with fragments of tests of Nodosaria and, 


Dentalina, and with species of the genera Ammobaculites, Nodosarella, Gyroidina _ 
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Valvulineria, Cibicides, et cetera, all of typical Upper Cretaceous aspect, were 
found in this tuff after desintegration with Wicher’s Glaubers salt method. 

From the Callo formation of the Manabi Province, between Manta and 
Punta Galera, an identical faunal assemblage was detected in a sample collected 
from greenish siliceous tuffs interbedded with thin tuffaceous greenish shales. 
It was found on the west side of the Cerros de Hoja, approximately 2 kilometers 
south of the village, Sequita (6.2 kilometers southeast of the village, Jaramijo, 
on the Pacific coast). The most common forms present are Bolivina incrassata 
Reuss, Palmula sp. and Silicosigmoilina sp. In western Ecuador (Manabi 
Province), the Callo formation occurs in a much reduced thickness of only about 
500 feet. Good exposures can be studied along the Sequita-Portoviejo road, on the 
west flank of the Cerros de Hoja, south of Pacoche, near La Pila, and as isolated 
occurrences in the Cuaque-Jama Mountains. In some of the thin sections from 
rocks of this region minute organic remains were found which resemble very 
much “‘Peneroplis’’ liburnica Stache from the Liburnian stage (early Eocene? or 
Upper Cretaceous) of Istria. Stache, unfortunately, did not give an adequate 
description or the measurements of this curious form. 

In the region of the headwaters of the Rio Leche, Cerros area of the Sierra 
Colonche, in the topmost layers of the Callo formation, immediately below the 
contact with the superjacent Guayaquil formation, a small assemblage of 
Foraminifera was found in a grayish black shale sample, consisting of the follow- 
ing forms. 


Astacolus sp. 

Bolivina incrassata Reuss (frequent) 
Bolivina tegulata Reuss 

Bathysiphon sp. 

Dentalina mega politana Keuss 
Dentalina sp. cf. D. granti (Plummer) 
Globorotalites michelinianus (d’Orbigny) 
Nodosaria limbata d’Orbigny 
Planularia sp. 

Silicosigmoilina sp. 


In northwestern Ecuador (Esmeraldas Province), the Callo formation occurs 
likewise as a very reduced series (approximately 1500 feet), and is made up of 
basic volcanics and black to dark green sedimentary agglomerates with minor 
conglomerates, tuffs, sandstones, thin beds of tuffaceous limestone, and sporadi- 
cally coarse siliceous sandstones. These beds occur only in the hinterland of the 
Esmeraldas region, between the Rio Canandé whence they extend in a narrow 
belt northeastward as far as the Rio Cachabi near the Colombian border, and as 
an isolated mass west of the middle course of the Rio Verde in the foreland. 
Only a few Foraminifera were detected in the thin sections studied, among which, 
very rarely, was Globotruncana sp. 

The afore cited foraminiferal assemblages, found mainly in southwestern and 
western Ecuador, indicate undoubtedly a Senonian age for the main body of the 
Callo formation. There is not enough foraminiferal evidence available yet for a 
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closer age determination of this thick sedimentary series. Whether part of the 
formation is to be attributed to the Coniacian, Santonian, or Campanian, de- 
pends entirely on better and more prolific faunas. Larger fossils have, so far, not 
been found in the Callo formation, excepting the Imoceramus species of the 
Calentura member at its base. The whole of the Callo formation is, however, to 
be regarded as a comprehensive series ranging in age from Cenomanian to Seno- 
nian. With the exception of rare occurrences of Globotruncana renzi Thalm., no 
other Globotruncana species were found which would enable a closer subdivision 
of the approximately 3000 meters of Callo formation. This is the more striking as 
this stratigraphically important genus occurs commonly and abundantly in the 
Upper Cretaceous of northern Colombia (Cesar valley), and in the Upper Creta- 
ceous formations of northwestern Peru.® Another handicap is the extreme poverty 
of foraminiferal assemblages in the Callo formation. Out of hundreds of outcrops 
studied in the field, and of as many thin sections and wash residues examined in 
the laboratory, these few localities are so far the only ones with sufficient fora- 
miniferal evidence for an Upper Cretaceous age of the Callo formation. 

The correlative of the Callo formation in northwestern Peru is the ‘‘Clavulina”’ 
shale formation and possibly part of the Monte Grande sandstones. In Colombia 
its equivalents are the Palmira and Guadalupe cherts. 


2. GUAYAQUIL FORMATION 


As has already been mentioned, the Guayaquil formation represents the 
upper part of the Upper Cretaceous sediments in western Ecuador. This typical 
chert and tuff series forms the hills just north of the town of Guayaquil (Santa 
Ana Hill). It is found in the Sierra de Chongon and Colonche from Guayaquil 
as far west as the headwaters of the Rio de la Pampa (about 80 kilometers west 
of Guayaquil), and as isolated hills near Durdn, Cerros de Taura (about 21 
kilometers south-southeast of Guayaquil), Cerros de Iseras in the Santa Elena 
Peninsula, and also occurs in fault blocks on the northern end of the Estancia 
Hills halfway between Guayaquil and Salinas. 

The highly fractured, hard and brittle, buff, light gray and white siliceous 
tuffs with veins or stringers of chalcedony and black or gray “augen’’-growth 
chert, known as the “‘Santa Elena cherts”’ in the Santa Elena Peninsula, are an 
age-equivalent of the Guayaquil formation. Locally they include thin sandstone 
beds made up of volcanic material and greenish or dark grayish shales. The 
maximum thickness is 2000 feet. 

In western Ecuador, Manabi Province, the Guayaquil formation reaches a 
thickness of 4500 feet and is composed mainly of thin chert beds with seams of 
tuffaceous shales, siliceous ash, and tuffs. Good outcrops can be observed in the 
Rio Mariano, in the Rio Viti and along the borders of the Jama-Cuaque Moun- 


tains. 
In northwestern Ecuador (Esmeraldas Province), the formation consists of 


® Personal communication by B. Stone. 
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dirty cream-colored massively bedded ash, white to rusty-colored cherts and 
silicified ash with minor amounts of buff, medium-grained, massive and hard 
siliceous sandstones. The formation is known at only a few places: on the Estero 
Africa near Punta Ostiones on the coast, and between the Rio Verde and the Rio 
Calope. 

The foraminiferal content of the Guayaquil formation throughout Western 
Ecuador is exceedingly poor, and in its uniformity very constant. With the 
exception of some tuffaceous shales collected near the base of the formation, 
which disintegrate in water, it was not yet possible to obtain free Foraminifera, 
although an inspection of rock specimens at the outcrops commonly shows im- 
prints (mostly internal molds) of species of the genera Siphogenerinoides and 
Nodosaria-Dentalina. From the cherty beds it is impossible to extract Foramini- 
fera, and an examination of thin sections under the binocular microscope mostly 
reveals only debris of foraminiferal shells, and, most conspicuously, a great 
number of Radiolaria. In the westernmost quarry of the Santa Ana Hill (Guaya- 
quil), where the Callo-Guayaquil contact can easily be studied, a hard greenish 
(glauconitic) band immediately above the contact showed, when thin-sectioned, 
abundant individuals of a Rotalia species with typical umbilical plug. The speci- 
mens could not be freed, but from a massive sandstone made up of volcanic 
material and containing inclusions of clay balls from a locality situated 18,150 
kilometers north and 53.2 kilometers west from Guayaquil (Cerros area of the 
Colonche Hills), this Rotalia sp. occurs at the same stratigraphic level, associated 
with the following species. 

Pulvinulinella alata (Marsson) 
Palmula sp. cf. P. cordai (Reuss) 
Nodosaria paupercula Reuss 
Gyroidina globosa (v. Hagenow) 
Dentalina sp. cf. D. filiformis Reuss 
Lenticulina sp. 

This is, in fact, so far the only locality known to the writer from which free 
specimens of Foraminifera of the Guayaquil formation could be obtained. 

The most significant species, from an age-determining point of view, is 
Siphogenerinoides clarki Cushman and Campbell, which, though not common, is 
one of the main characteristic Foraminifera of the Guayaquil formation. It is seen 
most commonly on the surface of rock specimens in form of internal molds and 
appears as a stout conical form with a large proloculus, commonly with vestiges 
of the internal tube. Thin sections show single chambers of Nodosaria or Den- 
talina, sections of minute planispiral forms, of Bolivina, Astacolus, and every- 
where numerous Radiolaria (Staurodicta, Stylodicta, et cetera). A highly fragile, 
undeterminable but primitive orbitoidal form was recently found by A. Gansser 
at the type locality. When sectioning the specimen the form was unfortu- 
nately lost. In places Ostracoda appear in thin section. Wax impressions made 
from the molds found in hand specimens of tuffaceous shales did not give the 
expected result, The casts so obtained were not suitable for specific identification. 
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Notwithstanding the extreme paucity and poverty of Foraminifera in the 
tuffs of the Guayaquil formation, the writer corroborates the Upper Cretaceous 
age-determination made by H. N. Coryell'® and Berry", and believes that a 
Maestrichtian age can be attributed to the formation. 

There is no question that the paucity of microfossils is largely due to the great 
volcanic activity which prevailed during the end of the Upper Cretaceous time 
(Laramide folding phase) in western Ecuador. The high degree of silicification of 
the waterlaid tuffs (percolation of siliceous solutions) was undoubtedly a great 
destructive ecologic factor in the biofacies of the sediments. 

Judged from its meager micropaleontological content (Foraminifera and 
Radiolaria) it can, however, be stated, that the Upper Cretaceous sequence in 
western Ecuador is apparently complete, that is, it comprises sediments from the 
Cenomanian to the Maestrichtian inclusive. Only intensive collecting at outcrops 
in the field, and study of thin sections and wash residues in the laboratory pro- 
vided the base for an age-determination of the thick and diversified sediments of 
the Callo and Guayaquil formations of western Ecuador. 


3. NOTE ON INTRA-ANDEAN UPPER CRETACEOUS SEDIMENTS 


In a short abstract Thalmann” has mentioned the presence of Upper Creta- 
ceous (Maestrichtian) sediments near the village of San Juan, Province of 
Chimborazo, along the road between Guaranda and Riobamba in the intra- 
Andean region of Ecuador. Further investigations have shown that in the Quito 
region the same Upper Cretaceous sediments appear at least in three different 
areas of the western Andes, namely: in the surrounding of Calacali-Yunguilla- 
Nanegal occur dark calcareous shales and sandstones with interbedded volcanics 
with Frondicularia, Nodosaria, Clavulinoides, Dorothia, and Pseudoclavulina 
species; in the Cotocallao-San Franscico de Nono area the same dark calcareous 
shales with interbedded volcanics yielded large Bathysiphon, Reophax, Silico- 
sigmoilina, and Clavulinoides species; and in the Nono-Guarumas area dark 
bituminous limestones, calcareous shales, and interbedded flows of volcanics 
include Siphogenerinoides, Tritaxia, Bathysiphon, and Clavulinoides. All these 
beds make up the Yungilla formation, which is regarded by the writer as Mae- 
strichtian in age and thus the equivalent of the Guayaquil formation of coastal 
Ecuador. 

‘The time equivalents of the Guayaquil and Yungilla formations in Colombia 
are the Umir, Guadas, and Catatumbo formations, and in northwestern Peru 
the Mal Paso formation. The last is, in contrast to the Yungilla and Guayaquil 
formations, highly foraminiferal. The foraminiferal content of the Umir forma- 
tion is not known to the writer. 


10H. N. Coryell, in J. H. Sinclair and C. P. Berkey, of. cit., see footnote 5. 
1 E. Willard Berry, of. cit., see footnote 7. 


2 Hans E. Thalmann, “Upper Cretaceous Limestones near San Juan, Province of Chimborazo _ 
(Western Andes), Ecuador,” abstract, Bull. Geol. Soc. America, Vol. 54 (1943), pp. 1827-28. 
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II. PALEOCENE IN SOUTHWESTERN ECUADOR 


The oldest Tertiary formation following the deposition of the Upper Creta- 
ceous Guayaquil formation, is a series of nearly 4000 feet of steeply dipping hard, 
greenish and greenish grey micaceous sandstones, weatheting brick-red, with 
layers of quartzite pebbles, alternating with indurated black shale and thin- 
bedded micaceous sandstones with traces of carbonaceous matter. Calcite veining 
is very common and tuffs are practically absent. This formation is called the 
Estancia formation. Its type locality in a ““quebrada” on the northeastern side of 
the Estancia Hills, Guayas Province, about 7 kilometers southwest of the village 
Dos Bocas, or 31 kilometers south and 71 kilometers west from Guayaquil zero 
point. 

The sediments of this formation are tremendously poor in fossils and a geo- 
logical age-determination is, therefore, based on poor evidence. The most striking 
feature regarding the sporadically occurring Foraminifera in these sediments is 
the absence of calcareous forms. From many samples examined an occasional 
Bathysiphon, Pelosina, Haplophragmoides, Saccammina, Glomospira, Trocham- 
minoides, Rzehakina, or other non-recognizable arenaceous species was found, 
but not more than one or two of the mentioned genera in the same sample (wash 
residue). Some of the Bathysiphon specimens (B. sp. cf. B. appenninicus Sacco) 
attain a length of 2 or 3 centimeters; they mostly occur, however, in fragments 
and are generally gray-coated. 

For age-determination, the most important foraminifer, in the writer’s 
opinion, is Rzehakina sp. cf. R. epigona (Rzehak), originally published under the 
name of Silicina epigona Rzehak 1895, as occurring in the oldest Tertiary beds of 
Moravia. This peculiar siliceous form is known in beds of Danian age (Europe, 
northern Africa, submarine Burwoods Bank in the Antarctic), from the Paleocene 
Velasco formation of Mexico and from the Upper Cretaceous-Paleocene passage 
beds of Trinidad, B. W. I. Based on its occurrence in the Estancia formation as 
the most conspicuous form, the writer does not hesitate to assign a Paleocene 
age to this formation (Montian). The formation is the product of the post-Upper 
Cretaceous Laramide folding phase: due to denudation with an afflux of clastic 
material from near-by deserts or dunes and deposition in an embayment similar 
to that formed at present by the Gulf of St. Lawrence (Gaspé Bay). 

It is interesting to note that in northwestern Peru Rzehkakina (unless it is 
mistaken for Silicosigmoilina) has been found only in the so-called “Clavulina’’- 
shales (in fact Siphogenerinoides shales) and in the Mal Paso formation, both 
Upper Cretaceous in age. It has not been found in strata of Paleocene age, which 
fact, however, may be due to biologic control (facies), since the Peruvian Paleo- 
cene contains abundant Clavilithes and Turritella, indicating a near-shore littoral 
to epi-neritic sedimentation. The writer.had opportunity, during a short visit in 
Negritos (Peru) in April, 1944, to study foraminiferal assemblage slides from the 
oldest Eocene formations of northwestern Peru, namely in ascending order, the 
Negritos, the Salina, and the Pale Greda formations. His conclusion is, that all 
three formations belong in the Paleocene, if not partly (Negritos formation) in 
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the Danian. The foraminiferal assemblage slides from the Negritos formation 
are strikingly similar to the association found in the so-called San José shales of 
the Ancén district, Santa Elena Peninsula, Ecuador. In the oil fields of the Anglo- 
Ecuadorian Oilfields Ltd., Ancén, especially in the deepest well drilled so far, 
the Estancia formation is represented by hard dark greenish and dark gray 
micaceous, sporadically carbonaceous sandstones (‘‘San José sandstones”’), with 
only a few Bathysiphon fragments, and by dark gray to black, much fractured 
shales and silts (“San José shales’). Assemblage slides from the San José shales 
shown to the writer by E. L. Moore,!* contain a mixture of Upper Cretaceous 
and Paleocene Foraminifera, as follows. 

Marssonella sp. 

Ammodiscus sp. 

Palmula sp. 

Globcrotalites (?) sp. 

Spiroplectammina grzybowskii Frizzell 

Silicosigmoilina sp. 

Pseudoglandulina manifesta (Reuss) 

Gyroidinoides nitidus (Reuss) 

Bathysiphon sp. cf. B. appenninicus Sacco 

Siphogenerinoides sp. (tiny form) 
These are associated with representatives of the genera mentioned for the 
Estancia formation. A nearly identical assemblage was seen in samples of the 
Negritos formation of northwestern Peru. Both are regarded to represent either 
Danian, or more probably Paleocene (Montian-Thanetian). A third small as- 
semblage was detected in a core sample from the International Ecuadorean 
Petroleum Company’s deep test well at Carrizal (8.9 kilometers north and 62.4 
kilometers west of zero point Guayaquil) from the Estancia formation with a 
predominance of arenaceous Foraminifera. 

Judged from the poor association of arenaceous Foraminifera, most of which 
appear to be deformed, the Paleocene sediments of southwestern Ecuador evi- 
dently have been laid down in a typical brackish-water habitat, with the excep- 
tion of the marine “‘San Jose shales” of the Ancén region. This fact might be sig- 
nificant from an oil-geological point of view. 

Again for the Paleocene, as is the case with the Upper Cretaceous, forami- 
niferal evidence is poor for geological age-determination, and the best indication 
available, namely, the range of the genus Rzehakina, points toward very old 
Eocene (Paleocene) age for the Estancia formation. This genus has, so far, been 
identified only in southwestern Ecuador, that is, in the region between Guayaquil 
and Salinas: at the Cerros de Anima, Cerro Alto, Cerro Verde, Cerros de Estancia, 
Cerros de Chanduy, and in wells of the Ancén oil field. No Paleocene has been 
reported from either western Ecuador (Manabi Province), or from northwestern 
Ecuador (Esmeraldas Province), where the oldest Tertiary beds are the Disco- 
cyclina-containing limestones (Sheppard’s ‘‘Guayaquil limestone”), already 
mentioned at the beginning of this paper, from the San Eduardo quarry near 
Guayaquil. 


3 Geologist of the A. E. O., Ltd. 
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BOICE SHALE, NEW MISSISSIPPIAN SUBSURFACE FORMATION 
IN SOUTHEAST NEBRASKA! 


E. C. REED?* 
Lincoln, Nebraska 


The Nebraska Geological Survey has been engaged in a detailed subsurface 
study in southeastern Nebraska during the past 6 or 7 years. This study has 
shown that the pre-Chouteau limestone-post-Devonian limestone interval in 
Richardson and Nemaha counties, Nebraska, as well as in parts of adjoining 
states, consists predominantly of shale which has been correlated variously as 
Kinderhook shale, Chattanooga shale, Grassy Creek-Saverton shale, Sheffield 
shale, ef cetera. Furthermore, it has been found that this shale interval is readily 
divisible into upper and lower parts which are believed to be separated from © 
each other by a stratigraphic break or unconformity. 

In the publications of the Nebraska Geological Survey (Nebraska Geol. Survey 
Bull. 14), this shale interval has been divided into two parts, the upper part of 
which has been referred to the Hannibal shale of Missouri and the lower part 
assigned to the Sheffield-Lime Creek, although it was conceded that the lower 
part was generally classified as Chattanooga or Grassy Creek in some other states 
and the Nebraska Survey fully realiz2d that the interval referred to the Hannibal 
was not an exact equivalent. 

There has been criticism of the use of the term Hannibal in Nebraska because 
of the fact that the Nebraska “Hannibal” can not be traced continuously through 
the subsurface into the Hannibal of Missouri and because the Nebraska rocks 
are somewhat different than the Missouri outcrop although we believe them to be 
approximately equivalent. 

Therefore the Nebraska Geological Survey has approved for use in Nebraska 
the new name, Boice shale formation, to be applied to the sequence previously 
referred to the Hannibal. The name Boice has been submitted to the Committee 
on Geologic Names, H. D. Miser, chairman, and approval of the name secured. 

The type locality of the Boice shale is the Pawnee Royalty Company’s Boice 
well No. 1, located in the center of the NE. }, NE. 3 of Sec. 18, T. 1 N., R. 16 E., 
Richardson County, Nebraska, between the depths of 2,041 feet and 2,072 feet. 
This well was selected because it was the first well drilled on the Boice farm, 
excellent cable-tool samples are on file at the Nebraska Geological Survey, and 


1 Manuscript received, January 25, 1946. 
Published with the permission of G. E. Condra, State geologist of Nebraska. 
? Associate State geologist of Nebraska. 


348 


GEOLOGICAL NOTES 349 


the samples have been studied by many geologists as the Boice well was the dis- 
covery well for the Falls City field. 

The Pawnee Royalty Company’s Meyers well No. 1, located in the center of 
the NW. 3, NW. j of Sec. 24, T. 1 N., R. 15 E., Richardson County, Nebraska, 
between the depths of 2,225 feet and 2,283 feet, is given as a co-type locality be- 
cause it shows a somewhat more complete development of the Boice shale. The 
name Meyers is preoccupied, however, and could not be used. 


TYPE SECTION 
Pawnee Royalty’s Boice Well No. 1 
Kinderhook series, 1,972 to 2,276 feet (thickness 304 feet) 
Buckner group, 1,972 to 2,072 feet (thickness 100 feet) 
Chouteau limestone formation, 1,972 to 2,041 feet (thickness, 69 feet) 
Boice shale formation, 2,041 to 2,072 feet (thickness 31 feet) 

Siltstone-sandstone, medium dark gray to brownish, calcareous (slow effervescence with 
dilute HCl), in part pyritic, 2,041 to 2,043 feet (thickness 2 feet) 

Shale, dark greenish gray, laminated, with some pyritic areas and some carbonaceous areas, 
calcareous (slow effervescence with dilute HCl), with black “Sporangites”’ in lower 10 feet; 
interbeds of gray, dolomitic siltstone to silty, argillaceous dolomite; 2,043 to 2,062 feet 
(thickness 19 feet) 

Hematite, in flattened, discoidal oolites or concretions, varying from } mm. to 1.5 mm. in 
diameter, in part embedded in rouge-red shale, 2,062 to 2,072 feet (thickness 10 feet) 

"a group, Chattanooga (Grassy Creek) (Sheffield ?) shale, 2,072 to 2,276 feet (thickness 204 
eet 

CotyPE SECTION 
Pawnee Royalty’s Meyers Well No. 1 
Kinderhook series, 2,161 to 2,500 feet (thickness 339 feet) 

Buckner group, 2,161 to 2,283 feet (thickness 122 feet) 
Chouteau limestone formation, 2,162 to 2,225 feet (thickness 63 feet) 
Boice shale formation, 2,225 to 2,283 feet (thickness 58 feet) 

Siltstone-sandstone, medium gray to medium dark gray, calcareous (slow effervescence 
with dilute HCl) in part pyritic, 2,225 to 2,228 feet (thickness 3 feet) 

Shale, brownish red, with embedded limonite in flattened, discoidal oolites or concretions 
varying from § mm. to 1.5 mm. in diameter, 2,228 to 2,232 feet (thickness 4 feet) 

Shale, medium dark green-gray, slightly calcareous (slow effervescence with dilute HCl), 
finely micaceous, laminated, in part carbonaceous, with black “Sporangites’’ in clusters, 
2,232 to 2,245 feet (thickness 13 feet) 

Shale, medium blue-green-gray, finely micaceous, laminated, slightly calcareous, 2,245 to 
2,260 feet (thickness 15 feet) 

Shale, medium dark green-gray, finely micaceous, laminated, with some black “Sporangites,”’ 
2,260 to 2,272 feet (thickness 12 feet) 

Hematite, in flattened, discoidal oolites or concretions, varying from 4 mm. to 1.7 mm. in 
diameter, in part embedded in rouge-red shale, 2,272 to 2,283 feet (thickness 11 feet) 

F po group, Chattanooga (Grassy Creek) Sheffield (?) shale, 2,283 to 2,500 feet (thickness 217 
eet 


The Boice shale formation is believed to be Mississippian in age and is placed 
in the lower part of the Buckner group of the Kinderhook series, according to 
Marvin Weller’s Mississippian correlation chart (National Research Council, 
April 10, 1945). The base of the formation is marked by a zone of hematite con- 
cretions or “‘odlites,” in part embedded in brick red shale. Similar hematite (in 
places limonite) zones have been found at several other horizons in the subsurfaces 
sedimentary section of southeast Nebraska, all of the others occurring at.or near 
unconformities. These occurrences of hematite are believed to have been formed 
by iron concentrations as the result of the weathering cf a pre-existing surface 
and therefore regarded as physical evidence of unconformity. 
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WEST VIRGINIA GEOLOGICAL SURVEY COLLECTION 
OF DRILL CUTTINGS! 


JAMES H. C. MARTENS? anp FREDERICK W. TRUSCOTT® 
Morgantown, West Virginia 


Continued interest in the possibility of important oil and gas production in 
the Appalachian region at greater depth and in untested areas makes it seem 
opportune to review briefly the status of the collection of drill cuttings from this 
region assembled by the West Virginia Geological Survey. 

One of the earliest published well records based on examination of drill cut- 
tings is in a report by I. C. White,* dated 1882, while he was professor of geology 
at West Virginia University. While White was State geologist of West Virginia 
(1895-1927), he collected several sets of drill cuttings from West Virginia and 
Pennsylvania, and some of these are still available. , 

On April 27, 1929, the National Research Council, as represented by its Di- 
vision of Geology and Geography, designated West Virginia University as a 
depository for drill cores, cuttings, and well records. Most of the time since that 
date the staff of the West Virginia Geological Survey, in cooperation with the 
department of geology of the University, has been actively engaged in collecting 
and studying drill cuttings. 

The West Virginia Geological Survey at Morgantown now has what is prob- 
ably the largest and best collection of drill cuttings from the Appalachian oil 
and gas region. Housed in the new Mineral Industries building, the collection 
includes samples from representative wells in those parts of West Virginia which 
have produced gas or oil, and from several wells in areas which have not yet 
produced commercial amounts. Most of the other wells sampled are in states 
adjacent to West Virginia. The total number of wells from which there are 
samples in the collection as of January 16, 1946, is 835, distributed geographically 


as follows. 
State or Province 


Pennsylvania........ 
Ontario, Canada 


Additions to the collection are made nearly every week. The samples are 
filed on shelves and a card index makes it possible to find the samples from a given 


_ 1 Manuscript received, January 25, 1946. Published by permission of Paul H. Price, State geolo- 
gist. 
2 Mineralogist, West Virginia Geological Survey. 
8 Junior geologist, West Virginia Geological Survey. 
* Second Geological Survey of Pennsylvania Report of Progress G6 (1882), pp. 91-93, and 365-66. 
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well by its farm name, location, or the operator who drilled the well. Most of the 
well locations are plotted on topographic maps. 

Of the 835 sets of samples from the Appalachian region only six are from 
rotary wells, and the rest are cable-tool samples. Most of the samples have been 
washed and dried as received. A few cores and many rock fragments recovered 
after shooting are also filed. Records of most of the wells sampled and of thou- 
sands of other wells in the Appalachian region are available for reference in the 
Survey’s files and in published reports. 

The collection includes samples from the deepest well in West Virginia, the 
C. S. Gribble No. 8517 of the Hope Natural Gas Company in Harrison County, 
which gives a section from the Conemaugh formation of the Pennsylvanian down 
to the top of the Queenston shale of the Upper Ordovician, with a total depth of 
10,018 feet. There are also samples from the well which is the deepest in the 
Appalachian region and the deepest well in the world drilled with cable tools. 
This is the Hockenberry No. 1(3703) well of the Manufacturers Light and Heat 
Company in Butler County, Pennsylvania. With a total depth of 10,096 feet, it 
gives a section from the lower part of the Allegheny formation of the Pennsyl- 
vanian down to a dolomite which is at least as old as Ordovician. Several sets of 
samples from eastern Ohio and eastern Kentucky also give sections well into the 
Ordovician. Hundreds of sets of samples from West Virginia go no deeper than 
Mississippian or Upper Devonian, but collectively they are a very important 
source of information on subsurface stratigraphy and the nature of the producing 
formations. 

Several investigators have used the collection for their work and visiting geolo- 
gists who wish to examine samples are invited to use the laboratories of the West 
Virginia Geological Survey. The most extensive work so far on the samples is 
now in press and will be published as Volume XVII of the West Virginia Geo- 
logical Survey, under the title ““Well Sample Records” by James H. C. Martens. 
This book contains the records of examination and interpretation of samples from 
more than 300 wells in West Virginia and about 40 in other states. It also in- 
cludes lists of wells from which there were samples in the collection to June 14, 
1945, and the intervals covered by these samples. 

For more than 2 years, Gordon Rittenhouse of the United States Geological 
Survey has been doing petrographic work on Mississippian and Pennsylvanian 
sediments of the Appalachian region, based largely on samples in this collection. 
The results of some of this work have been incorporated in published maps of the 
Berea sand.° 

Operators throughout the Appalachian region are invited to save samples of 
drill cuttings for the West Virginia Geological Survey. Samples from wildcat wells 
and unusually deep tests are especially desired, but samples from shallow wells 


5 James F. Pepper and others, “Map of the Berea Sand of Southeastern Ohio, Northern West 
Virginia and Southwestern Pennsylvania,” U. S. Geol. Survey Prelim, Map 29, Oil and Gas Investig. 


Ser. (1945). 
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inproved territory are also welcome. Any sets of samples which are to be dis- 
carded because of lack of space or because the need for them is past may be sent 
to the Survey, charges collect. Where needed, bags or envelopes will be furnished 
to companies donating samples to the Survey, whether the samples are collected 
from wells now drilling or are from old wells. 

Only the excellent cooperation of many geologists, company officials, field 
superintendents and drillers through several years has made it possible to get 
together the West Virginia Geological Survey’s collection of drill cuttings and to 
do the research work based on it. It is hoped that this cooperation will be con- 
tinued in the future so that this sample collection may be still more useful as a 
source of geological information. 
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* Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


OIL AND GAS FIELD DEVELOPMENT IN UNITED STATES, 1944, BY 
NATIONAL OIL SCOUTS AND LANDMEN’S ASSOCIATION 


REVIEW BY W. A. VER WIEBE! 
Wichita, Kansas 


Oil and Gas Field Development in United States Year Book 1945 (Review of 1944), Vol. XV. 
By National Oil Scouts and Landmen’s Association. 926 pages with tables, maps, and 
diagrams. Published by the National Oil Scouts and Landmen’s Association, Austin, 
Texas. Price, $7.50. 


This book is a veritable encyclopedia of oil history in the United States. Not only is 
every state fully described which has oil or gas production at the present, but some po- 
tential future producing states are also described. For the typical state the following in- 
formation is furnished: data on geophysical prospecting by areas and by companies; 
leasing information and data on blocks assembled, commonly by areas and by companies; 
map to show location of present pool; geologic and stratigraphic charts or columnar sec- 
tions; results of wildcat drilling (many with complete list of every wildcat drilled) list of 
new pools and new producing formations; undeveloped acreage under lease; oil in storage 
and pipe line runs. The statistical tables on producing pools are unusually complete 
and include data on the year of discovery, structure, producing formation, deepest zone 
tested, area, total number of wells, total drilled during 1944 (classified as to oil, gas or dry), 
number of producers, type of production, gravity of the oil, production during 1944 and 
total cumulative production, per acre recovery and reserves. One could hardly ask for 
more. 

Scattered throughout the book are special features and articles which add immensely 
to the reference value of the volume. For instance, for ALABAMA there is a map of the new 
pool near Gilbertown on the north side of the Hatchitigbee fold which now has 9 wells and 
definitely indicates the future possibilities of the state. There is also a good stratigraphic 
section for both northern and for southern Alabama as well as a valuable correlation chart 
for the coastal plain. An article by the State geologist gives an interesting account of the 
history of the search for oil in Alabama with pertinent data on the significant geologic dis- 
coveries due to drilling. 

The data on CALIFORNIA are unusually complete and incidentally make very interesting 
reading. A special article by W. W. Porter II reveals that he has spent much of his spare 
time with the punch boards at the local drug store. The reader will like his comparisons. 
Another special article by Gregerson and Parker tells about the possibilities of searching 
for deeper production. In the section on FLorma there is a map which shows the location 
of the only producer as well as the location of the deep exploratory tests drilled during 
1944. An article by the state geologist gives many hitherto unpublished details on the 
stratigraphy of Florida. 

We learn from this volume that more than 4 million acres are under lease in GEORGIA 
and that seven wildcat wells were completed there during 1944 (one of them was drilled to 
a depth of 7,500 feet). The map which accompanies the discussion for some reason shows 
only four of these tests. A special article by Garland Peyton describes the new data re- 
vealed by wildcat drilling over the past years. A buried granite ridge is described. 


? Professor of geology, University of Wichita. 
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In connection with the discussion on Kansas the reader will find an article entitled 
The Future or Kansas Oil. This article seems somewhat optimistic to the reviewer and it 
will be interesting to see if some of the predictions of the bold prophet come true. The state 
of LoursIAna is very fully treated and the fields are divided into three groups—northern, 
southeastern, and southwestern Louisiana. Each has its own map and set of data. For 
MicnicAn there are some illuminating data given on the results of core drilling. 

Mississippi which now boasts 11 oil pools and 2 gas pools, is well described. There are 
large-scale maps of the principal oil pools and curves to show the amount of geophysical 
prospecting by years. There is information on core drilling and also a list of the known 
salt domes. For New Mexico the geological student will find a good map showing the main 
structural elements as well as a separate map for the pools in the northwestern part of the 
state (San Juan basin). Also there is a list of the structures which are known but not yet 
producing. The article on NEw York was prepared by Hartnagel and contains 2 good maps 
as well as a geologic section for the southwestern part of the state. The article on OHIO 
written by Cottingham also contains a good map and a stratigraphic table. Charles Fettke 
is responsible for the discussion on PENNSYLVANIA. A special feature is entitled Possible 
Future Oil Pools of Pennsylvania, by R. E. Sherrill. 

The Rocky Mountain states, Colorado, Wyoming, Montana, Utah, New Mexico, 
Arizona, and the Dakotas, are treated as a unit. There is a good map of the Big Horn Basin 
and its pools. Also there is a table of formations in North Dakota prepared by Laird. The 
paper by Pierre La Fleiche contains a good many hints about prospecting in Wyoming, 
information on structures, and other similar data. The special paper on the Gage dome in 
Montana by Eugene Perry is very complete and full of geological information. 

Texas is the largest producing state and as such is entitled to eight separate sections in 
the book. East Texas, the Gulf Coast, North Texas, the Panhandle, Corpus Christi, San 
Antonio district, the Permian basin, and West-Central Texas are all very completely de- 
scribed. One of the interesting articles in this part of the book is the penetrating analysis 
of the stratigraphy and structural history of the Anadarko basin, written by Fosshage. 

The last part of the volume is devoted to several additional special articles and to the 
statistical information brought together under the heading APPENDIX. Here the summary 
of wildcat drilling by Fred Lahee is reprinted from the pages of the Bulletin. Also a state- 
ment about the Petroleum Reserves in this country is reprinted from the A.P.J. Quarterly. 
The appendix contains information on crude prices, results of exploratory drilling by states, 
the production of the United States by states by years, world production by countries by 
years, world reserves by various authors, and other similar useful material. 

Despite the general excellence of the book and its recognized authoritative character, 
a few improvements are possible. Some of the maps are poor. Such are those on Kentucky, 
Mississippi, and New Mexico. The stratigraphic section on Oklahoma contains a number 
of misspelled geologic names. Perhaps the most serious defect is the lack of an index. To be 
sure, there is a good table of contents, but considering the wealth of data in the book, it 
would help the reader greatly to supply the next volume with an index. 


RECENT PUBLICATIONS 
ALABAMA 


*“Alabama: Its Geology and Oil Prospects,” by Walter B. Jones. Oil Weekly, Vol. 120, 
No. 7 (Houston, January 14, 1946), pp. 51 and 54. 1 inddex map of the state. 


ALASKA 
*“Qil in Alaska. A Report on an Expedition to the Far North to Locate Rumored Seeps 


REVIEWS AND NEW PUBLICATIONS 355 


and Secure Samples,” by Henry F. Thomas. Oil Weekly, Vol. 120, No. 10 (Houston, Febru- 
ary 4, 1946), International Section, pp. 30-48; illus. 


BRAZIL 


*“Geologia do Sudoeste Matogrossense” (Geology of Southwest Mato Grosso), by 
Fernando F. M. de Almeida. Brasil Divisao de Geol. e Min. Bol. 116 (Rio de Janeiro, 1945). 
11g pp., 19 figs., 47 photographs. In Portuguese. 

*“Ciclo Evolutivo das Lagunas Fluminenses” (Cycle of Evolution of Fluviatile La- 
goons), by Alberto Ribeiro Lamego. Jbid., Bol. 118. 47 pp., 38 figs. 

*“Episodio da Ultima Epocha Inter-Glacial Permo-Carbonifera no Parana” (Episode 
in the Last Permo-Carboniferous Interglacial Epoch in Parana), by Fernando F. M. de 
Almeida. Ibid., Notas Prelim. e Estudos 27. 18 pp., 2 figs. 


CHINA 


*War’s End Brings Accelerated Activity in Yumen, China’s Only Oil Field,”’ by K. C. 
Lu. Oil and Gas Jour., Vol. 44, No. 34 (Tulsa, December 29, 1945), pp. 253, 257; I map. 


COLORADO 


*“The Rangely Oil and Gas Field and Uinta Basin,” by Bernard M. Bench. Oil 
Reporter, Vol. 2, No. 22 (Denver, January 25, 1946), pp. 17-27; 7 illus. Reprinted from 
Mines Magazine, excepting that the Mines Magazine Rangely maps are replaced by a 2- 
page spread of the surface structure-contour map from U.S. Geol. Survey Prelim. Map. 41, 
by C. R. Thomas, with recent drilling data added. 


EUROPE 


*“Standard of the European Jurassic,” by W. J. Arkell. Bull. Geol. Soc. America, - 
Vol. 57, No. 1 (New York, January, 1946), pp. 1-34; 4 tables. 


GENERAL 


*““Wells 12,000 Feet and Deeper,” by Ernestine Adams. Petrol. Engineer, Vol. 17, No* 
4 (Dallas, Texas, January, 1946), pp. 93-113. 

*“Emanometric Oil and Gas Prospecting,’ by Sylvain J. Pirson. Ibid., pp. 132-42; 
4 figs. 

*“Some Practical Aspects of Radioactivity Well Logging,” by Warren J. Jackson and 
John L. P. Campbell. Amer. Inst. Min. Met. Eng. Tech. Pub. 1923 (New York, 1945). 
27 pp., 19 figs. 

*“Postwar Issues in the Petroleum Industry,” by Walter H. Voskuil. Univ. Illinois 
Bull., Vol. 43, No. 30 (Urbana, January 7, 1946), Business Studies No. 3. 32 pp., 4 tables, 
2 charts. 

“Die Tektonische Entwicklung Amerikas als der Ostumrahmung des Pazifik” (The 
Tectonic Development of the American Continents as the East Rim of the Pacific), by 
Hans Stille. Geotektonische Forschungen, Heft. 4. Published by Gebriider Borntraeger, 
Berlin (1942). 76 pp., 28 figs. In German. 

“‘Malaiischer Archipel und Alpen” (The Malay Archipelago and the Alps), by Hans 
Stille. Abh. Preuss. Akad. Wissenschaften, Jahrgang 1943, Math.-naturw. Klasse 1. Berlin 
(1943). 16 pp., 6 figs. In German. 

“Geotektonische Gliederung der Erdgeschichte” (Geotectonic System of Earth 
History), by Hans Stille. Jbid., Jahrgang 1944, Math.-naturw. Klasse 3. Berlin (1944). 80 
pp., 8 figs. 

“Geotektonische Probleme des pazifischen Erdraumes” (Geotectonic Problem of the 
Pacific Region), by Hans Stille. Zbid., Math.-naturw. Klasse 11. 77 pp., 20 figs. 

*“Alternative Sources of Liquid "Fuel, ” by W. D. Spencer. Petroleum, Vol. 9, No. 1 
(London, January, 1946), p. 8. 
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GEORGIA 


*“The Okeefenokee Swamp and the Oil and Gas Possibilities of Georgia,” by C. W. 
Deming. Oil, Vol. 5, No. 11 (New Orleans, January, 1946), pp. 9-10; illus. 


IOWA 


*“Brachiopoda of the Independence Shale of Iowa,” by Merrill A. Stainbrook. Geol. 
Soc. America Mem. 14 (New York, December 28, 1945). 74 pp., 2 figs., 6 pls. 


KANSAS 


“Subsurface Geologic Cross Section from Ford County to Wallace County, Kansas,” 
by Fanny C. Edson. U. S. Geol. Survey Prelim. Cross Sec. 1 (July, 1945). Sheet, 31X46 
inches. Scale: horizontal, approx. 1 inch equals 6 miles; vertical, approx. 1 inchequals 200 
feet. With index map, stratigraphic column, and text on same sheet. Prepared in co- 
operation with State Geological Survey of Kansas. Obtainable from State Survey, Law- 
rence, Kansas. 

MARYLAND 


“Magnetic Maps of Worcester County and Part of Wicomico County, Maryland,” by 
J. R. Balsley, M. S. Walton, D. L. Rossman, J. P. Fitzsimmons, M. E. Hill, and W. W. 
Peters. U.S. Geol. Survey Prelim. Map 46, Oil and Gas Investig. Ser. (January, 1946). 
Single sheet, 27 39 inches. ‘“Two wells have been drilled recently in the area mapped, and 
the basement rocks were at a depth of more than 5,500 feet in one well, and more than 
7,100 feet in the other. Oil and gas were not found in the wells.” Brief text accompanies the 
maps. May be purchased from Director, Geological Survey, Washingtoh 25, D. C. Price, 
$0.30. 

NEW MEXICO 


*“Future Oil Possibilities of New Mexico,” by Robert L. Bates, Oil and Gas Jour., 
Vol. 44, No. 31 (Tulsa, February 2, 1946), pp. 52-60; 3 figs. 
OREGON 
*“Beach and River Sands of the Coastal Region of Southwest Oregon with Particular 


Reference to Black Sands. Part I,” by W. H. Twenhofel. Amer. Jour. Sci., Vol. 244, No. 2 
(New Haven, Connecticut, February, 1946), pp. 114-39; 8 figs. 


VIRGINIA 
*“Lower Middle Ordovician Stratigraphy of the Shenandoah Valley, Virginia,” by 
Byron N. Cooper and G. Arthur Cooper. Bull. Geol. Soc. America, Vol. 57, No. 1 (New 
York, January, 1946), pp. 35-117; 3 pls., 9 figs. 
*“Metamorphism Along the ‘Pulaski’ Fault in the Appalachian Valley of Virginia,” 
by Byron N. Cooper. Amer. Jour. Sci., Vol. 244, No. 2 (New Haven, Connecticut, Febru- 


ary, 1946), pp. 95-104; 1 fig., 1 pl. 


WYOMING 


“Geologic and Structure Contour Map of Garland and Byron Anticlines Big Horn 
and Park Counties, Wyoming,” by Don G. Vieaux. U.S. Geol. Survey (1946). Areal geology 
is the same as that on a map of the Garland anticline, by C. E. Dobbin, J. C. Miller, and 
K. L. Walter, published in 1935. May be purchased from Director, Geological Survey, 
Washington 25, D. C.; Federal Building, Casper, Wyoming; and 314 Boston Building, 
Denver, Colorado. 
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HONORARY MEMBERS 


The executive committee may from time to time elect as honorary members persons who have 
contributed distinguished service to the cause of petroleum geology. Honorary members shall not be 
required to pay dues.—Sec. 6, Article III, of the Constitution. 


LIFE MEMBERS 


The executive committee may grant life membership to members who have paid their dues and 
are otherwise qualified. —Sec. 2, Article III, of the Constitution. 

On the payment of two hundred dollars ($200.00) any member in good standing shall be declared 
a life member and thereafter shall not be required to pay annual dues.—Sec. 2, Article I, of the By-Laws 


MEMBERS 


Any person engaged in the work of petroleum geology or in research pertaining to petroleum 
geology or technology is eligible to active membership, provided he is a graduate of an institution of 
collegiate standing, in which institution he has done his major work in geology, or in sciences funda- 
mental to petroleum geology, and in addition has had the equivalent of three years’ experience in 
petroleum geology or in the application of these other sciences to petroleum geology or to research in 
petroleum geology or technology; and provided further that in the case of an applicant for member- 
ship who has not had the required collegiate or university training, but whose standing in the profes- 
sion is well recognized, he shall be admitted to membership when his application shall have been 
favorably and unanimously acted upon by the executive committee, and provided further that these 
requirements shall not be construed to exclude teachers and research workers in recognized institutions 
whose work is of such character as in the opinion of the executive committee shall qualify them to 
membership. 

Active members alone shall be known as members.—Sec. 1, Article IIT, of the Constitution. 


ASSOCIATES 


Any person having completed as much as thirty hours of geology (an hour shall here be inter- 
preted as meaning as much as sixteen recitation or lecture periods of one hour each, or the equivalent 
in laboratory) in a reputable institution of collegiate or university standing, or who has done field 
work equivalent to this, is eligible to associate membership, provided at the time of his application for 
membership he shall be engaged in geological studies in an institution of collegiate or university 
standing, or shall be engaged in petroleum geology; and any person who is a graduate of an institution 
of collegiate standing, in which he has done his major work in sciences fundamental to petroleum 
geology or petroleum technology, and who has had the equivalent of one year’s experience in the ap- 
plication of his science to the study of petroleum geology, shall be eligible to associate membership, 
provided at the time of his application for membership he shall be engaged in investigations in the 
broader subject of petroleum geology and technology. 

Associate members shaJl be known as associates. 

Associates shall enjoy all the privileges of membership in the Association, save that they shall not 
hold office, sign applications for membership, or vote; neither shall they have the privilege of advertis- 
ing their affiliation with the Association in professional cards or profesisonal reports or otherwise.— 
Sec. 3, Article III, of the Constitution. 

1 This list is published for the use of the members and for the information of all who wish to refer to the professional and 
business affiliations of the members. It is not a mailing address list and it is not intended to be used for circularizing or 
soliciting purposes. This list does not, with only a few exceptions, reflect the military addresses of those in the armed forces. 
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HONORARY MEMBERS 


Date of Election 
Campbell, Marius Robinson (d., December 7, 1940)... Mar. 20. 1934 
Darton, Nelson Horatio 6906 Bradley Jan. 7, 1938 
Decker, Charles Elijah, Univ. of Oklahoma, "Norman, Mar. 26, 1927 
DeGolyer, Everette Lee, Continental Bldg., Dallas, Dec. 8, 1944 
Dumbie, Edwin Theodore (d., January 25, 1927) Mar. 27, 1926 
Emmons, William H., University of Minnesota, Feb. 28, 1946 
Goodrich, Haroid Beach Aug. 17, 1929 
Gould, Charles Newton, 215 S. Webster, Norman, Okla.......................... Oct. 13, 1943 
Harris, Gilbert Dennison, Cornell University, Ithaca, Mar. 19, 1935 
Lawson, Andrew Cowper, Univ. of California, Berkeley, Calif..................... Dec. 22, 1937 
Mendenhall, Walter Curran, 9 E. Lenox St., Chevy Chase, Md.................... Mar. 19, 1935 
Ordonez, Ezequiel, Abraham Gonzales 79, Mexico City, Mexico................46. Dec. 28, 1935 
Sellards, E. H., Bureau of Economic Geology, University of Texas, Austin, Tex...... Feb. 28, 1946 
cans, Univ. of Berlin, Bern, Germanys... Mar. 15, 1937 
van der Gracht, Willem Anton J. M. van a (d., September, 1943)........ Mar. 17, 1936 
von Hofer, Hans Hofrat (d., Fe Mar. 26, 1924 
Woolnough, Walter George, 9 Lockerbie Cont. East St. Kilda, Melbourne S.2, Vic- 
Wrather, William Embry, U. S. Geological Survey, Washington, D.C.............. Oct. 13, 1943 


COMPLETE LIST OF MEMBERS, ASSOCIATES, HONORARY MEMBERS, 
AND LIFE MEMBERS 


EXPLANATION OF SYMBOLS 


*Honorary member. {Life Member. ||Associate. Members are not marked. The year refers to the date of election to 
membership. 


Abbey, Gerald Ellsworth, c/o Charles O. Abbey, Rt. 1, Platte City, Mo...................... 42 
|Abbott; Wayne Rosser, Bay Petroleum Corp., Brown Bldg., Wichita, "42 
Abreu, Sylvio Froes, Mineral Industries Divi ision, Av. Venezuela 82, Rio de Janeiro, Brazil, S. A..’45 
\|Absher, Kenneth B., independent, Milam Bldg., San Antonio, 25 
Acheson, Cyrus Harold, International Ecuadorian Petroleum Co., Guayaquil, Ecuador, S. A... .’39 
Achning, Walter J., independent, Milam Bldg., San Antonio, 38 
Ackerman, Edgar Dumont, Standard Oil Co. of Venezuela, Caripito, Venezuela, S. A.......... 40 
Ackers, A. L., Stanolind Oil & Gas Co., Box 591, Tulsa, 25 

38 
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FINANCIAL STATEMENT FOR THE YEAR 1945 
To the Executive Committee, 
The American Association of Petroleum Geologists. 


We have examined the accounting records of THE AMERICAN ASSOCIATION OF PETROLEUM 
Geo tocists for the year ended December 31, 1945 and now present our report together with the 
following statements: 


Exhibit 
A Balance Sheet, December 31, 1945 
B Statement of Income and Surplus for year ended December 31, 1945 
Schedule 
"s Statement of Investment in Securities, December 31, 1945 
2 Statement of Income from Publications for year ended December 31, 1945 


In connection with our examination, we have reviewed the accounting procedures of the Asso- 
ciation and, without making a detailed audit of the transactions, have examined or tested accounting 
records of the Association and other supporting evidence, by methods and to the extent we deemed 
appropriate. Our examination was made in accordance with generally accepted auditing standards 
applicable in the circumstances and included all procedures which we considered necessary. 

Publications on hand at December 31, 1945 (exclusive of excessive quantities and obsolete issues) 
were priced as follows: 


Bulletins— 

1945 issues at cost 

1941 to 1944 issues at $.50 each but not exceeding 100 copies of any one issue 
Volumes— 

At or below cost but not exceeding 100 copies of any one volume 
Other publications— 

At cost. 


In our opinion, the accompanying balance sheet and statements of income and surplus present 
fairly the position of THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS at December 31, 
1945, and the results of its operations for the year then ended, in conformity with generally ac- 
cepted accounting principles applied on a basis consistent with that of the preceding year. 

Yours truly, 
(Signed) ArTHUR Younc & Company, Accountants and Auditors 
TULSA, OKLAHOMA 
February 1, 1946 


* Schedule 1 is not here published. 
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FINANCIAL STATEMENT, DIVISION OF PALEONTOLOGY 
AND MINERALOGY, FOR THE YEAR 1945 


To the Council, 
Society of Economic Fidiavitegiete and Mineralogists. 

We have examined the balance sheet of Socrery or Economic PALEONTOLOGISTS AND MINERAL- 
ocists at December 31, 1945 and the statement of income for the year then ended, have reviewed 
the accounting procedures of the Society, and, without making a detailed audit of the transactions, 
have examined or tested accounting records of the Society and other supporting evidence, by methods 
and to the extent we deemed appropriate. Our examination was made in accordance with generally 
accepted auditing standards applicable in the circumstances and included all procedures which we 
considered necessary. 

In our opinion, the accompanying balance sheet and statement of income present fairly the posi- 
tion of Society of Economic Paleontologists and Mineralogists at December 31, 1945, and the results 
of its operations for the year then ended, in conformity with generally accepted accounting principles 
applied on a basis consistent with that of the preceding year. 

(Signed) ArtHur Younc & Company, Accountants and Auditors 
TuLsa, OKLAHOMA 
February 1, 1946 


BALANCE SHEET 
DECEMBER 31, 1945 


ASSETS 
CURRENT ASSETS: 
PUBLICATIONS: 
24,872 Journals of Paleontology issued prior to 1945 (comprising 4,221 
complete volumes) at $.50 per Journal....................seeeee $12,436.00 
1,983 Journals of Paleontology, issues 1 to 6 of 1945, at cost........ 1,641.35 
4,066 Journals of Sedimentary Petrology issued prior to 1945 (compris- 
ing 1,585 complete volumes) at $.50 per Journal................. 2,333.00 
328 Journals of Sedimentary Petrology, issues 1, 2 and 3 of 1945, at cost 200.08 16,610.43 
FURNITURE AND FIXTURES less reserve, $385.50... 97.10 


CURRENT LIABILITIES: 


Amount payable to Paleontological Society...................00-. 516.60 
Donations received for International Commission on Zoological Nomen- 
DEFERRED INCOME: 
Membership dues for 1946 and 1947.............0cccccecececeees 1,223.65 3,201.61 
SURPLUS: 
Net income for year ended December 31, 1945 (per statement at- 


: 
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STATEMENT OF INCOME FOR YEAR ENDED DECEMBER 31, 1945 
INCOME: 
Membership dues and subscriptions— 
Journal of Paleontology and Sedimentary Petrology................ $ 776.00 
Sales of back numbers— 
Journal of Sedimentary Petrolowy 205.00 1,325.60 
Donation from American Association of Petroleum Geologists......... 1,000.00 
Less: Proportion of income accrued to Paleontological Society....... 51 
COSTS AND EXPENSES: 
Cost of printing— 
$4,134.86 
Postage, telegraph and delivery expense....................00000008 278.95 
Less: Increase in inventory of publications......................4- 147.33 6,117.02 


JOINT ANNUAL MEETING, STEVENS HOTEL, CHICAGO, APRIL 1-4, 1046 


The Stevens Hotel is the convention headquarters for the annual meeting of the As- 
sociation, April 2-4, 1946. Also, the Society of Exploration Geophysicists meets on April 
1-2, and the Society of Economic Paleontologists and Mineralogists meets on April 3-4. 

Hotel room reservations should be made now. Available space is limited, but it is rea- 
sonably certain that sufficient hotel space will be available for all desiring to attend the 
meeting, including the wives. Make your own reservations with the Stevens Hotel. After 
the Stevens is full, the Stevens will refer your request to other hotels who have agreed to 
cooperate. You will receive your letter of confirmation from the hotel accepting the reser- 
vation. If you prefer some particular hotel, try to make your reservation directly with that 
hotel. The Stevens will not accept reservations for blocks of rooms. You are encouraged to 
arrive Sunday, March 31, because congestion in the hotels on Mondays and Tuesdays 
results in some confusion in reservations. 
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The executive committee is arranging the convention. It is the general committee and 
the program committee. The absence of space prohibits commercial and educational ex- 
hibits. There will be no golf tournament. The only official entertainment is the dinner- 
dance. Weather permitting, a field trip to points of local interest will probably be sponsored 
by the Illinois Geological Society, Friday, April 5. The sessions are tentatively arranged 
according to the following plan. 


April 1 (Monday). S.E.G. sessions. 
A.A.P.G. committees and research conferences. 
Annual meeting business committee. 
Night. Review and discussion, research program. 
April 2 (Tuesday). Joint sessions A.A.P.G., S.E.P.M., S.E.G. 
Presidential addresses. 
Nomination of officers. 
Papers on Application of Geology to Military Science. 
Special papers. 
S.E.G. sessions (afternoon). 
Night. Address by Eugene Holman. 
April 3 (Wednesday). Tectonics and oil-field papers. 
S.E.P.M. sessions. 
Balloting for officers. 
Dinner-dance. 
April 4 (Thursday). Trends and Developments since 1941. 
Regional and oil-field papers. 
S.E.P.M. sessions. 
3:30 P.M. Special meeting to consider amending Certificate of Incorpora- 
tion. 
3:40 P.M. Annual business meeting and announcement of election of 
officers. 


Conferences will be held on subjects such as “Training in Geology,” “Rock Color 
Chart,” “Development of Plans and Financing of Recommended Research Projects.” 
The detailed printed program will be ready for distribution at the convention. 


NOTICE TO A.A.P.G. MEMBERS 


SPECIAL MEETING TO CONSIDER AMENDING ASSOCIATION CERTIFICATE 
OF INCORPORATION 


On Thursday, April 4, 1946, at 3:30 P.M., a special meeting of the members will be 
held in the North Ball Room on the 3d floor of the Stevens Hotel, Chicago, Illinois, to 


consider amending the Certificate of Incorporation of the Association. 
M. G. CHENEY, president 


4 
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MEMORIAL 


WILLIAM PALEN CONWAY, JR. 
(1914-1044) 


William Palen Conway, Jr., was killed in a plane crash on Rendova Island in February, 
1944, while performing duties in the service of his country. 

Tony, as he was known by his friends, was born, August 4, 1914, at New Canaan, 
Connecticut. Most of his early life was spent at South Orange, Green Village, and Short 
Hills, New Jersey. Tony attended the public schools until he entered Choate School to 
prepare for Princeton University. He majored in geology and was graduated from Prince- 
ton University in 1936, summa cum laude. He was a member of the Cap and Gown Club. 

After graduation from Princeton, Tony entered the employ of Anaconda Copper Com- 
pany at Butte, Montana, as a geologist. In October, 1938, he joined the Phillips Petroleum 
Company, where he served as assistant district geologist in Lafayette, Louisiana, and in 
Houston, Texas. His work with Phillips Petroleum Company demonstrated a keen 
knowledge and interest in geological problems and a strong sense of values. He soon estab- 
lished himself as one of the promising young geologists on Phillips’ staff. 

After the war broke out in 1941, Tony decided to do his part by entering the armed 
services. He was desirous of being identified with an Army branch in which a geological 
background would be of the most importance. Hence, he chose to attend, and was accepted 
into, a special class in meteorology at New York University soon after his enlistment in 
1941. Upon graduation, he was sworn in as a Second Lieutenant and shortly afterward was 
assigned to the 17th Weather Squadron, McClellan Field, Sacramento, California. In 
December, 1942, he was transferred to the Southwest Pacific Area where he was promoted 
to Major and was Staff Officer with the Weather Section Headquarters of the 13th Air 
Force. . 

Tony’s last mission was undertaken in a spirit which will be recognized as characteris- 
tic by his friends. The Commanding Officer had decided that it was necessary to make what 
is known as a snooper raid over Truk Island and Tony was requested to designate a 
weather officer to accompany this flight. This kind of a mission was one of the most danger- 
ous in the service and unbeknown to his Commanding Officer, Tony, himself, went on this 
mission rather than designate a subordinate. It was while the mission was returning that 
the plane developed engine trouble and crashed on Rendova Island with the loss of all on 
board. For undertaking this mission, Tony was awarded the Army Air Medal. 

Tony is survived by his father and mother, Mr. and Mrs. W. P. Conway of Green 
Village, New Jersey, and by a brother. 

Tony was a member of the American Association of Petroleum Geologists, having been 
a member since 1939, and was also a member of the American Institute of Mining and 
Metallurgical Engineers. 

Those who knew Tony will always remember him with a great deal of affection for his 
friendly, cheerful traits, his loyalty and cooperation, and for his abundantly fine qualities 


both as a man and as a fellow worker. 
M. H. STEIG 


PETROLEUM COMPANY 
Hovuston, TEXAS 
January 8, 1946 
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Casson 


ROY JAY HOLDEN! 
(1870-1945) 


Dr. Roy Jay Holden, 75-year-old professor of geology at Virginia Polytechnic In- 
stitute, died in his campus home at Blacksburg, Virginia, December 16, 1945. Although he 
had undergone hospital treatment during the early fall of 1945, he had recovered suffi- 
ciently to resume his teaching and was active until an hour or so before his death, the 
evening of December 16. 


1 Thanks are due and are extended to John R. Hutcheson, president of the Virginia Polytechnic 
Institute and to Mrs. Virginia Patton Davis of Blacksburg, Virginia, for the compilation of data used 
in this article, and also to Ellis W. Shuler, of Southern Methodist University, for helpful suggestion 
and criticisms. 
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Dr. Holden was a native of Sheboygan Falls, Wisconsin. He was born there, October 
21, 1870. In June, 1915, he married Miss Elizabeth Virginia Evans of Lynchburg, Vir- 
ginia. Mrs. Holden, two daughters, Mrs. Robert G. Hummel and Mrs. J. G. Rocovich, 
and a son, Lieutenant Roy J. Holden, Jr. and three grandchildren survive him. 

Dr. Holden graduated from Wayland Academy in 1891 and later taught school for 
several years. He attended the University of Wisconsin in undergraduate work from 1897 
to 1900 and received his Bachelor of Science degree there in 1900. He pursued graduate 
work at the University of Wisconsin, and in 1915 he received the degree of Doctor of 
Philosophy from that institution. In 1905, he joined the faculty of the Virginia Polytechnic 
Institute, and in 1907 became associate professor of geology and mineralogy at that school. 
Later he became a full professor in the department of geology and continued in that posi- 
tion until his death. 

At various times, starting in 1905, he was associated with the Virginia Geological 
Survey. Much of this work was in connected with the study of iron ore deposits in Vir- 
ginia. His studies in iron ore carried him outside of the state as attested by his publica- 
tions, and particularly by his Ph.D. thesis which is entitled “History of the Iron Ore 
Industry in America.” In 1906, he published ““The Brown Ores of the New River-Cripple 
Creek Region, Virginia” in Bulletin 285 of the U. S. Geological Survey. In 1906, for the 
Jamestown Exposition Commission, he published in the Mineral Resources of Virginia, 
an article on iron ores. He reviewed an article on “Fossil Iron Ores of Georgia” in Eco- 
nomic Geology in 1908 and in the same magazine he reviewed an article on “Iron Ores of 
the Clinton Formation of New York” in 1909. In 1910, he published an article on Powell’s 
Fort Manganese Ores in U. S. Geological Survey Bulletin 427, and, also in 1910, in Eco- 
nomic Geology, he reviewed an article on “Iron Ore Resources of the World.” In 1916, he 
published an abstract in the Bulletin of the Geological Society of America entitled, 
“Oriskany Iron Ore,’’ and later in 1920 in the same bulletin he published an abstract en- 
titled “Notes on the Oriskany and Helderberg in Virginia.” In 1925 he published an 
article entitled “Origin of Clinton Hematite Ores” in Volume 20 of Economic Geology. 
In the Virginia Academy of Science Proceedings for 1934, he published an article on 
“Virginia Manganese Ores.” In 1936, in the Virginia Geological Survey Bulletin No. 46, 
he published an article on “The Origin of the Oriskany Iron and Manganese Ores.” From 
the foregoing, it is obvious that Dr. Holden was well informed concerning the iron and 
manganese ore deposits of Virginia and the history of exploration for iron ores in general. 
By his colleagues, he was considered as an authority on Appalachian iron ore deposits. 

Dr. Holden’s interests in geological matters were varied. In 1924, in the Bulletin of 
the Geological Society of America, appeared an abstract with M. R. Campbell entitled 
“Broad Overthrust Fault in Central Appalachians.” Dr. Holden was one of the first 
geologists to recognize the large-scale character of the overthrust faults in southwest 
Virginia. In 1925, in the Bulletin of the Virginia Geological Survey he published a chapter 
on structure in “The Valley Coal Fields of Virginia.” His knowledge of the structure of the 
Appalachian area was more thorough than his publications would indicate. He was very 
active physically and visited and mapped many surface exposures of these structural fea- 
tures. In 1931, in the Transactions of the American Institute of Mining and Metallurgical 
Engineers, he discussed an article by M. R. Campbell, entitled “Natural Groups of Coal 
and Allied Fuels,” with particular reference to the friability of coal. In the laboratories of 
the Virginia Polytechnic Institute, Dr. Holden conducted research on the friability of 
coal. In 1931, in the Engineering News Record he published an article entitled “Hydrated 
Lime as Used in Engineering.” In this connection, he conducted laboratory research on 
the qualities of hydrated lime and on the effect of temperature and time in the burning 
of limestone. His interest was not only theoretical but also practical in this matter. He was 
interested in a quarry of limestone that was profitable to him in a financial way. In 1932, 
he published an abstract in the Bulletin of the Geological Society of America, entitled - 
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“Algonkian Formation in the Blue Ridge, Virginia.” The highly complicated geology of 
the Blue Ridge Mountains was another area in which Dr. Holden had done much work. 
Even a partial subdivision of the pre-Cambrian in this area required thorough work and 
a high degree of geological ability. In 1938, he published an abstract in the Proceedings of 
the Virginia Academy of Sciences on the “Geology of Mountain Lake.” Dr. Holden col- 
lected information over a period of years on this lake located about 400 feet below the 
top of a 4,400-foot mountain in Giles County, Virginia, and he planned on publishing a 
later report, but it is my understanding that this was unfinished at the time of his death. 
In 1938, he published in the Proceedings of the Virginia Academy of Sciences an article en- 
titled ““Notes on the Geological Field Trip in the Blacksburg Area on Saturday, May 7, 
1938.’ Every year, Dr. Holden took his class in general geology on a trip from Blacksburg 
to Mountain Lake which covered a distance of about 18 miles. This trip crossed the out- 
crops of a number of Paleozoic formations and also gave a visual picture of Appalachian 
folding and faulting as well as other interesting geological matters. It made a lasting 
impression on all students who made this trip. In 1944, in the Bulletin of the Virginia 
Polytechnic Institute Engineering Experiment Station, Series No. 56, he published an 
article entitled “The Punch Jones and Other Appalachian Diamonds.” The Punch Jones 
diamond was brought to Dr. Holden’s attention and after many tests he identified and 
described it as a diamond which weighed 6.8920 grams or 34.46 metric carats. He de- 
scribed it as the largest diamond ever found in the eastern United States and one of the 
largest every found in North America. It is now in the National Museum in Washington, 


Other publications of Dr. Holden are briefly described as follows. In 1901 in the 
Transactions of the Wisconsin Academy of Sciences, ‘“‘Nuclear Phenomena in Coloesporium 
Sonchi-Arvense”’; in 1925 a discussion of “‘Sulphate Minerals, etc.”? by H. E. Merwin and 
others in the Bulletin of the Geological Society of America; in 1929 in a Bulletin of the 
Virginia Polytechnic Institute, entitled “Mineral Resources,” he published reports on 
various counties of Virginia; in 1931 a review of an article by C. A. Wolfanger, entitled 
“Major Soil Divisions of the United States,” published in Economic Geology; in 1933 
two chapters in a book entitled “Virginia, Economic and Civic’; in 1¢33 in Science, New 
Series, Vol. 28, an article on ‘‘Fenstreams’’; in 1933 an abstract in the Proceedings of the 
Virginia Academy of Sciences, entitled “The Duration of the Appalachian Revolution”; 
in 1935 in the Proceedings of the Virginia Academy of Sciences an abstract, entitled ‘“‘The 
Silicification of a Fault Surface’; in 1936, in Report Vol. 2 of the 16th International 
Geological Congress an abstract, entitled “Time Location of Orogeny in the Central 
Appalachians”’; in 1936 in the Proceedings of the Virginia Academy of Sciences, an article 
entitled “The Algonkian Formations in the Blue Ridge of Virginia’; in 1936 in the 
Proceedings of the Virginia Academy of Sciences, an abstract entitled ‘““A Devonian Fold 
in Virginia”; in 1937 in the Proceedings of the American Society for Testing Materials, 
a discussion of an article entitled ‘Coal Friability,” by Gilmore and Nichols; in 1938 in 
Science, an article, entitled “Oil Shale in Virginia”; in 1938 in the Bulletin of the Geo- 
logical Society of America, an abstract on “‘Helictites in Virginia”; in 1939 an abstract in 
the Proceedings of the Virginia Academy of Sciences, entitled “‘Helictites of Skyline Cavern, 
Virginia’’; in 1939 in the Proceedings of the Virginia Academy of Sciences an abstract, 
entitled ““A Cephalopod Bed at Riverton, Virginia”; and in 1940 in the Proceedings of the 
Virginia Academy of Sciences, an article, entitled “Field Trip in the Buchanan Cave 
Mountain, Jennings Creek Area, Virginia.” 

This record shows the wide interest that Dr. Holden had in geological matters. However, 
the published record does not show all of his scientific activities. He did laboratory re- 
search work, not only on the matters here mentioned but on the physical properties of 
building stones and on other geological problems. He did commercial geological work for 
various organizations and individuals in Canada and the United States. He was con- 
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sulted by the Appalachian Electric Power Company about its dam on the New River 
near Radford, Virginia, to determine whether the site selected by their engineers had any 
defects from a geological standpoint. He was employed as an expert witness in regard to 
the navigability of New River on which the dam was built and was also engaged by 
various other interests as an expert witness in law suits. A few years before his death, a 
water shortage threatened the Virginia Polytechnic Institute and the City of Blacksburg. 
After a study of this problem, Dr. Holden located water wells in the vicinity of Blacksburg 
that produced the desired amount of water at a cost considerably below what it was at 
first thought would be necessary to fill this need. 

It is particularly fitting in this biography to mention his activity in oil and gas. In 1922, 
1923, and 1924 he was employed by various interests to conduct exploration for oil and 
gas in Arkansas, Louisiana, and Texas. In about 1932, Dr. Holden made a location for a 
well in Scott County, Virginia, a few miles northwest of Bristol, on a favorable geological 
structure. This well was drilled and encountered gas in commercial quantities. This was 
Virginia’s first gas well. 

Dr. Holden was a charter member of the Honor Society of Phi Kappa Phi at the Vir- 
ginia Polytechnic Institute. He was also a member of the Honor Society, Sigma Xi at the 
same institution. He was a fellow of the Geological Society of America, a member of the 
American Institute of Mining and Metallurgical Engineers, a member of the Society of 
Economic Geologists, a member of the American Association of Petroleum Geologists, a 
fellow of the American Association for the Advancement of Science, a member of the 
Virginia Academy of Science, a member of the 12th International Geological Congress 
which met at Toronto, Canada, a member of the 16th International Geological Congress 
which met in Washington, D. C., and a member of the National Speleological Society. 
He served on a committee of the American Institute of Mining and Metallurgical Engi- 
neers and was chairman of the geology section of the Virginia Academy of Science for one 
year. He became a member of the American Association of Petroleum Geologists in 1925 
and continued his membership in this organization until his death. 

From the foregoing record, it is clear that Dr. Holden was an active member of the 
geological profession. However, it does not emphasize sufficiently his work as a teacher. 
In the opinion of many of his former students, including the writer, this was his great forte. 
He was able to convey to his students part of his enthusiasm for scientific study. He had 
little tolerance for careless work and insisted on straight thinking. In many instances 
students, who took his class in general geology but who were not planning on becoming 
professional geologists, complained that they had to devote too much work on geology. 
Many of these same men later went out of their way to say that their work in geology was 
one of the most interesting courses during their college career. Many of his former stu- 
dents kept in contact with Dr. Holden years after they had graduated from college, and 
would consult with him about things of geological interest. He was a great teacher in that 
he not only taught his students geology but stimulated their scientific interest so that this 
interest carried on after leaving college. 

In addition to Dr. Holden’s other activities, he was interested in the collection of 
stamps. He had pursued this hobby since he was about 18 years old and he maintained 
this interest throughout his life. ‘ 

It is difficult to realize that Dr. Holden has passed away because of his dynamic 
personality and because he was so active mentally and physically. He will be missed by 
his colleagues and his former students who held him in high regard. Many of them had a 
strong feeling of affection for him and this feeling was reciprocated by Dr. Holden. His place 
will be hard to fill at the Virginia Polytechnic Institute and impossible to fill in the hearts 
of his family and many friends. 

HeEatH M. RoBinson 
Dattas, TEXAS 
January, 1946 
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DONALD EGBERT FUELLHART 
(1899-1945) 


Donald Egbert Fuellhart died on October 23, 1945, in Nashville, Tennessee. His death 
came suddenly within a day or two from the time he was stricken by pneumonia. At that 
time he was engaged in establishing an office preparatory to building a natural-gas pipe 
line into Nashville. 

Donald was born at Warren, Pennsylvania, on December 12, 1899. He attended Ohio 
State University for 2 years before enlisting in the Navy for the duration of World War I. 
At the conclusion of the service he spent a year in general topographical work for the Navy. 
Then he followed the course that so many have taken from that part of the oil country of 
Pennsylvania by coming to the Mid-Continent oil fields. 

Donald married Miss Marie O’Quinn and thereafter established his home on Old 
River near Natchitoches, Louisiana, which he maintained from then on, although frequent- 
ly the family was resident elsewhere. The oldest child, Donald, Jr., died of multiple wounds 
received on Mindoro Island. The daughter, Kathryn, is with her mother in Natchitoches. 
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During the period 1920-1927, Donald worked as geologist and engineer for oil com- 
panies in northern Louisiana, including the Gulf Refining Company at Shreveport, and as 
Parish engineer in Natchitoches Parish. In 1927 he joined the staff of Brokaw, Dixon and 
McKee in Shreveport and assisted in setting up the records. In this new connection he soon 
became very interested in the flow of gas through pipe lines. He gauged many gas wells and 
developed a method of estimating open flows without opening the well fully to the air. 

As a result of these studies he wrote a paper on “The Open Flow Capacity of High 
Pressure Gas Wells as Determined by the Pressure Capacity Curves,” which was presented 
before a meeting of the American Gas Association and published in the Oil and Gas Journal, 
May 9, 1929. 

About this time, C. M. Dorchester, C. D. Fletcher, and Sidney E. Mix were his 
sponsors for associate membership in the A.A.P.G. His sponsors for transfer to active 
membership in 1932 were C. M. Dorchester, H. Harper McKee, and Dugald Gordon. He 
was also a member of the American Society of Civil Engineers. 

He did engineering work in connection with many gas pipe-line projects and during 
1930-31 was in charge of the engineering work for his firm in the construction of the 
Panhandle Eastern Pipe Line Company’s line. The period for the next two or three years 
was spent in the designing and construction of central plants for butane distribution. 
During the preceding years Don remarked that he had worked in nineteen different states. 
From 1935 to 1940 he was employed in the state of Louisiana, the greater part of the time 
by the Department of Conservation for which he organized the field work for south Louisi- 
ana and set up the district offices and selected personnel. In connection with this work, he 
prepared several publications, including Information Circular No. 1, ‘‘“Natural Gas Flow 
Tables.” 

In 1940 he returned to the staff of Brokaw, Dixon and McKee and worked as engineer 
on natural-gas pipe lines. He was assigned by his firm to act as consultant for the American 
Smelting and Refining Company’s natural-gas pipe line to supply the smelter at Rosita, 
Coahuila, Mexico. Also, he was actively engaged on the engineering features of the project 
of the Tennessee Gas and Transmission Company, which continued until The Chicago 
Corporation took it over. At the time of his death he was working on a pipe line to transmit 
gas to Nashville, Tennessee. 

Don was an enthusiastic hunter and fisherman and the writer of this memorial re- 
members a fishing expedition at Cane Lake in Natchitoches Parish with his own son, 
Donald, and Donald, Jr., when the catch was most excellent. We camped out on the shores 
of the lake and our meals were brought to us from the plantation and included, very 
early in the morning, cups of steaming coffee. There were numerous colored boys to help 
us in all our doings. Altogether, the excursion was one long to be remembered. Nearby, 
was the pecan orchard which Donald had set out and of which he was very proud. This 
orchard has now been bearing for several years. 

Donald had a wide circle of friends and acquaintances whom he enjoyed having at 
the plantation which had been improved to the point where there was no more to be done. 
This illustrates Donald’s trait to do very well the work undertaken. 

DucALp GoRDON 


Houston, TEXAS 
JANUARY 25, 1946 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE .PROFESSION 


Epcar O. BowLgs, recently with the Standard Oil Company of Egypt is now teaching 
in the geology department at Rutgers University, New Brunswick, New Jersey. 


Major Ciinton C. Kearny, Air Corps Reserve, after 4 years in the Air Corps, has re- 
turned, and is in the employ of the Magnolia Petroleum Company, San Antonio, Texas. 


C. W. EcKENWILER has become associated with Slemaker and Herndon, located at 
924 McBirney Building, Tulsa, Oklahoma. He was previously with the Carter Oil Com- 
pany and the Mid-Continent Petroleum Corporation. 


R. L. McFAtt, recently with the Gulf Oil Corporation, is geologist with the Superior 
Oil Company. He is going to the Bahamas where a wildcat test is to be drilled on Andros 


Island. 


James E. CLARK has moved from the Ohio Oil Company to the Bay Petroleum Com- 
pany, Wichita, Kansas. 

Davip V. Harris has resigned from the geological department of the Continental Oil 
Company and is now associate professor of geology at the Colorado A. and M. College at 
Fort Collins, Colorado. 


Lieutenant Henry C. Cortes, JRr., was separated from the Navy in New Orleans, 
Louisiana, on November 24, 1945, completed his terminal leave on January 6, 1946, was 
placed on inactive duty in the Naval Reserve, and is now in the employ of the Humble 
Oil and Refining Company at Mobile, Alabama. For 6 months prior to separation from the 
Navy, he was on duty at Point Barrow, Alaska, doing surface geology in Naval Petroleum 
Reserve No. 4. 


Captain Ross Henry Ley is with the Army of the United States, Pacific Section. 


Epwarp V. O’RourkE, professor of petroleum engineering at Ohio State University, 
Columbus, Ohio, is resuming his teaching at Ohio State, following an illness which pre- 
vented his going to Marietta College. 


Max W. BALL is in Michigan on leave of absence from P.A.W., working on under- 
ground gas storage problems in connection with the proposed Michigan-Wisconsin Pipe 
Line Company line from the Hugoton field to Detroit and Milwaukee. His address re- 
mains New Interior Building, Washington. 


J. Roy McCoy has resigned his position with the Phillips Petroleum Company to be- 
come associated with Leland Fikes, independent operator, Dallas, Texas. 


Mark E. Stump, recently with the British-American Oil Company, Ltd., is associated 
with Thomas N. Berry and Company, Stillwater, Oklahoma. 


Lieutenant FRANK J. GARDNER may be addressed: O-485879, Oil Sec., Econ. Div., 
OMGUS APO 742 (Berlin), c/o PM, N. Y., N. Y. 


Major S. D. BurcHer has moved from Wichita, Kansas, to Oklahoma City, Okla- 
homa, where he has bought a home at 3540 Maxwell Drive. He served in the Corps of 
Engineers, working on pipeline systems in Africa, Italy, and France. 
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Rosert B. McConnELt resigned from the Carter Oil Company and, last November, 
was employed as subsurface geologist by the Venezuelan Atlantic Refining Company, 
Caracas, Venezuela. 


W. E. Watts has changed his connection from the Standard Oil Company of Egypt at 
Cairo to the International Ecuadorian Petroleum Company at Guayaquil, Fcuador, as 
assistant manager. 


NEAL Crayton has left the North American Geophysical Company and has joined 
the Republic Exploration Company, Tulsa, Oklahoma, as seismograph party chief. 


CuarLes Lewis Witson, of Austin, Texas, is topographic draftsman in the sth Air 
Force located near Tokio, Japan, last December. His address is Sqdn. A-1, APO 19808-A, 
San Francisco, California. 


P. Hastincs KELLER, independent geologist of Detroit, Michigan, has joined the 
Conselho Nacional do Petroleo, Bahia, Brasil. 


ABNER L. Foster, formerly with the Forest Development Company, i is geologist with 
the Luling Oil and Gas Company, San Antonio, Texas. 


SPENCE T. TAYLOR resigned from his position of chief petroleum engineer for the Long 
Beach Oil Development Company in California last June to accept a position with the 
Pantepec Oil Company of Venezuela. He now has his home in Caracas. 


Dean C. WELLMAN, of the Shell Oil Company, Inc., has been transferred from Cen- 
tralia, Illinois, to Oklahoma City, Oklahoma. 


Luis E. KeEMNITZER announces that ALEX J. DIEPENBROCK has joined the firm of 
Kemnitzer and Richards, making the partnership now Kemnitzer, Richards and Diepen- 
brock, geologists and petroleum engineers, 704 South Spring Street, Los Angeles, Cali- 
fornia. 


At the monthly meeting of the South Louisiana Geological Society held at the Majestic 
Hotel, Lake Charles, Louisiana, January 11, the following officers were elected for the 
ensuing year: president, J. A. Moore, Union Sulphur Company; vice-president, JAMEs M. 
BuGBEE, Shell Oil Company; secretary, LLoyp D. Traure, Ohio Oil Company; treasurer, 
D. E. NEWLAND, Magnolia Petroleum Company. WiLi1AM R. Canapa and H. E. McGtas- 
SON were re-elected to the executive committee. 


A. N. Murray, head of the department of geology, University of Tulsa, addressed the 
Tulsa Geological Society, February 4. His subject was, ‘“‘General Geology of Uinta Basin, 
Utah.” 


The name of the Dallas Petroleum Geologists has been changed to Dallas Geological 
Society, and the following officers have been elected for 1946: president, JOHN W. CLARK, 
Magnolia Petroleum Company, Box 900; vice-president, WILLIS G. MEYER, DeGolyer and 
MacNaughton, 1ooo Continental Building; secretary-treasurer, JoHN M. CLayTon, 
Seaboard Oil Company, 1400 Continental Building; executive committee member, FRED 
Wi1cox, Magnolia Petroleum Company. 


The following new officers of the Southeastern Geological Society were elected at a 
meeting held on January 11, 1946: president, I. J. REED, The California Company, Box 
371, Tallahassee, Florida; vice-president, WALTER B. Jones, State geologist, Geological 
Survey of Alabama, Box 2033, University, Alabama; secretary-treasurer, H. A. SELLIN, 
Magnolia Petroleum Company, Box 11098, Tallahassee, Florida. 
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The Gulf Oil Corporation has announced, effective January 1, 1946, that W. B. WiL- 
SON retired as chief geologist of its Gypsy Division and became its consulting geologist. 
Effective the same date, Paut H. REISHER became chief geologist. 


At the annual meeting of the Alberta Society of Petroleum Geologists, held on January 
24, the following members were elected to the executive committee: president, J. D. WEIR, 
California Standard Company; vice-president, Ian Cook, British American Oil Company 
Ltd.; secretary-treasurer, W. P. Hancock, Imperial Oil Limited; business manager, 
J. R. McGEue_Er, Shell Oil Company of Canada. 


P. H. BLancueEt, of Imperial Oil Limited, presented a paper on “‘Aerogeology”’ at the 
annual meeting of the Alberta Society of Petroleum Geologists, January 24. 


P. H. O’BANNON of the Humble Oil and Refining Company, spoke before Houston 
Geological Society, January 28, on “The Geology of the Katy Field, Waller and Harris 
Counties, Texas.” On February 11, Harotp HENSLEY, of the same company, discussed 
“Engineering and Cycling Aspects of the Katy Field.” 


KENNETH Mason BRAVINDER, Union Oil Company, subsurface geologist, died at his 
home in Long Beach on January 22, at the age of 38 years. He had been in the employ of 
Union Oil Company since 1936, and in 1939 became subsurface geologist with head- 
quarters at Long Beach, California. 


E. S. Pickett has resigned from the Union Oil Company to take a position with the 
Wilshire Oil Company as district exploration engineer for the San Joaquin Valley. He will 
be headquartered in Bakersfield, California. 


New officers of the Corpus Christi Geological Society, Corpus Christi, Texas, are: 
president, Ropert D. HENDRICKSON, Tide Water Associated Oil Company; vice-president, 
W. E. GREENMAN, The Texas Company; secretary-treasurer, O. G. McCrary, Southern 
Minerals Corporation, 411 North Broadway. 


Lieutenant Colonel Frank B. ConsELMAN, formerly with the Gulf Oil Corporation at 
Wichita, Kansas, is now employed by the Great Lakes Carbon ree at its Abilene, 
Texas, office, after 4 years in military service. 


J. G. CRAWFORD, JR., who has been with the United States Department of the Interior 
for 16} years, engaged in chemical work dealing with the production of oil and gas, has 
entered the commercial field in the Rocky Mountain area. He has opened his own office, 
Chemical Laboratories, Inc., 521 South Center Street, Casper, Wyoming. 


Officers of the Society of Economic Paleontologists and Mineralogists, recently “lected 
by mail ballot, to take cffice at the end of the 20th annual meeting of the Society at 
Chicago, April 2-4, are: president, F. W. RotsHausEN, Humble Oil and Refining Company, 
Houston, Texas; vice-president, Ceci G. LALICKER, University of Oklahoma, Norman; 
secretary-treasurer, H. B. STENZEL (re-elected). 


ALFRED R. LOEBLICH, JR., has returned from overseas where he served as a naval gun- 
fire spotter with a Joint Assault Signal Company in the New Hebrides, Okinawa, and the 
Philippines. He recently resigned his position at Tulane University, where he instructed 
in geology and paleontology prior to being called to active duty. He is now on terminal 
leave from the Army and may be addressed at 452 College Avenue, Norman, Oklahoma. 


Grorce Dunaway, geologist with the Phillips Petroleum Company in Shawnee, Okla- 
homa, gave a lecture on “The Paleozoic of Northern Arkansas and Southern Missouri”’ 
before the Shawnee Geological Society at a meeting held in the Aldridge Hotel on January 
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James E. KEENAN has moved from the Bay Petroleum Corporation, Wichita, Kansas, 
to the General Petroleum Corporation, Casper, Wyoming. 


Jack O. CoLte, recently discharged from the Army Air Corps (Major), is associated 
with HersHAL C. FERGusoNn, consulting geologist and paleontologist, 1212 Niels Esperson 
Building, Houston, Texas. 


Mer te C. IsraELsky, for years with the Union Producing Company, is “on the Sohio 
Petroleum Company, Houston, Texas. 


RosBert H. Mirt1eEr, Miller Geophysical Company, announces removal of offices from 
Beverly Hills to 1044 South Robertson Boulevard, Los Angeles, California. 


RICHARD R. Prippy, district geologist for The Texas Company at Jackson, Mississippi, 
has joined the faculty of Millsaps College, Jackson. 


W. A. Tuomas, who served as a Lieutenant Colonel in Europe, has returned to the 
Ohio Oil Company as district geologist at Midland, Texas. 


E. T. Heck, formerly with the West Virginia Geological Survey, has joined the staff 
of the New York State Geological Survey at Albany, New York, where he is to be in charge 
of all oil and gas investigations. Reorganization plans now being completed at the New 
York Survey call for additional oil and gas investigations in the near future. 


Keirn A. YENNE was discharged from the Navy in December after 3 years service 
and is now studying geology in the Harvard Graduate School. While in the Service he 
spent 18 months overseas with Fleet Air Wing ro in Australia, the Admiralty Islands, and 
the Philippines. Before joining the Navy he was employed by the Shell Oil Company in 
Centralia, Illinois. His address is 37 Prentiss Street, Cambridge, Massachusetts. 


Frank A. OysTER, consulting geologist, Wichita, Kansas, has succeeded WiLL1Am L. 
AINSWORTH as general manager and secretary of the Mid-Plains Oil Corporation. 


Harry H. Arno_p, Jr., general superintendent of the Illinois-Western Kentucky dis- 
trict of the producing department of The Texas Company, Salem, Illinois, has been pre- 
sented with the Legion of Merit medal. Arnold held the rank of Lieutenant Colonel, 
Engineer Corps. He ‘‘was responsible for the organization and conduct of instruction in 
mines, obstacles, field fortifications, and camouflage in advanced officer and numerous 
special courses,” as chief, department of pioneer instruction, the Engineers School, Fort 
Belvoir, Virginia, from August, 1943, to September, 1945. 

The following officers of the Panhandle Geological Society were elected at Amarillo, 
Texas, January 16: president, R. K. Lanyon, Phillips Petroleum Company; vice-presi- 
dent, T. G. Grass, Sinclair Prairie Oil Company; 2d vice-president, PAut A. GRANT, Gulf 
Oil Corporation; secretary-treasurer, A. R. Erickson, Phillips Petroleum Company. The 
newly organized society plans a luncheon meeting on the first Wednesday of each month. 


Colonel CHARLES GILL MorGan, GSC, has returned from military service and is fin- 
ishing work for his Ph.D. degree at Harvard. 


R. W. Mossmav, with the Seismograph Service Corporation of Tulsa, Oklahoma, pre- 
sented a moving picture in colors “Seismic Explorations,” before the Shawnee Geological 
Society, February 7. 

The California Institute of Technology announces the addition of two men to the 
staff of the Division of the Geological Sciences: J. Wyatt DurHAM as associate professor 
of invertebrate paleontology, and RicHarp H. Jaaswns as assistant professor of geology. 
Durham was formerly a geologist for the Standard Oil Company of California in the’ 
Netherlands East Indies and is currently working for the Tropical Oil Company in Vene- 
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zuela. He will join the staff of the Institute in August, 1946. Jahns has been engaged for 
several years in studies of strategic minerals, chiefly in New Mexico and in North Carolina. 


He comes to the Institute in March. ‘ 


NicuorasA. Rose has joined the firm of Lockwood and Andrews, consulting engineers, 
Houston, Texas, as engineering geologist. 
H. V. W. Dononoo, Lieutenant, U.S.R.S. (inactive), is instructor in geophysics at 


the Colorade School of Mines, Golden, Colorado, and working toward the Master’s degree. 
Donohoo was in the navy 3 years in electronics. He is the author of a paper, “Blimps in 


Mineral Reconnaissance Surveys.” 
ArcuiE MacAtrin has been transferred from the United States Geological Survey 


to the United States Bureau of Reclamation as geologist in the Geologic Branch of the 
Geologic and Engineering Control and Research Division. His address is 204 New Custom- 


house, Denver, Colorado. 


FRANK R. C1arkK is being retired effective April 1, 1946, after nearly 23 years with 
The Ohio Oil Company, Tulsa, Oklahoma (July 1, 1923, to Apri! 1, 1946). During em- 


ployment with The Ohio Oil Company he was division geologist with the Tulsa division - 


including Oklahoma, Kansas, and Texas until 1937, when the Houston division was estab- 
lished. Since that time, he has confined his efforts to Oklahoma and Kansas. He was chief 
geologist and director of the Marathon Oil Company in 1934-1936 and director of The 
Ohio-Mexico Corporation in 1929, both subsidiaries of The Ohio Oil Company. He has 
been a vice-president of The Ohio Oil Company since 1936. He has at various times acted 
as division manager of the Tulsa division. He intends to continue his residence at 1524 
South Owasso Street, Tulsa, Oklahoma, and engage in consulting work. Clark was secre- 
tary-treasurer of the A.A.P.G. in 1931, and president in 1933. 


Rosert T. BENNETT, of Mt. Vernon, Iowa, has accepted a position with the National 
Associated Petroleum Company, Tulsa, Oklahoma. 


CHESTER D. WuortTon, recently returned to inactive duty after 3} years in the U. S. 
Navy, is engaged in drilling operations in southern New York and northern Pennsylvania. 
He may be addressed at 13 Lunn Court, Wellsville, New York. 


HOUSTON GEOLOGICAL SOCIETY STUDY GROUPS 


For the year 1946, the Houston Geological Society, an affiliate of the A.A.P.G., has 
organized study groups on various subjects of paramount interest to the geological profes- 
sion. The subjects to be studied will be pertinent to the oil and gas industry of the Gulf 
Coast. To organize, supervise, and make available to the profession the results of these 
studies, OLtn G. BELL, of the Humble Oil and Refining Company, president of the Society, 
has appointed the following: 


Ray C. Lewis, Houston Oil Company, chairman; and the following co-chairmen: 
HILLARD W. Carey, Houston Natural Gas Corporation, co-chairman and secretary, 
ROLAND F. Hopper, Stanolind Oil and Gas Company, 

M. Crark, Cities Service Oil Company 

WiLtarp L. Day, General Crude Oil Company, 

ARTHUR S. GALE, Jr., Pan American Producing Company, 

P. H. O’BANNon, Humble Oil and Refining Company. 

Groups have been organized with the following programs. 
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IT. Well logging on Gulf Coast. 

January 29, lecture, followed by a discussion, by E. F. Srratron, Schlumberger Well 
Surveying Corporation, “Electrical Logging.” 

February 5, sub-groups on “Radioactivity and Electrical Logging.” 

February 12, lecture, followed by a discussion, by JoHN P. CAMPBELL, the Lane-Wells 
Company, “Radioactivity Logging.” 

February 19, sub-groups on “Radioactivity and Electrical Logging.” 

February 26, lecture, followed by a discussion, by a representative of the Halliburton 
Well Cementing Company, “Electrical Logging.” 

Future meetings of the group will be scheduled along similar lines, having additional 
lectures on various logging techniques and procedures to be given by authorities on the re- 
spective subjects. 


II. Stratigraphic and structural distribution of coastal reservoirs. 


This group meets at 5:15 P.M., each Monday, beginning January 28, in the audito- 
rium of the Chamber of Commerce. It is planned to approach this subject by classifying the 
various reservoirs found in the Houston district. 


III. Evaluation of oil and gas properties. 


The meetings of this group are held each Tuesday at 12:00 Noon in the auditorium 
of the Chamber of Commerce. The first meeting was held January 22. The first three 
meetings reviewed the literature on the subject. 

The meetings of these groups will continue until the latter part of May, and will be 
resumed in September. All members of the Society who are interested in these subjects are 
cordially invited and urged to attend. 

For further information concerning these meetings and programs, inquiries may be 
directed to the following, or the undersigned. 

Group I. Perry Otcort, chairman; HILLarp W. Carey, secretary. 
Group II. A. L. chairman; SHIRLEY MAson, secretary. 
Group III. Joun D. Topp, chairman; Tom BLACKSTONE, secretary. 
Ray C. Lewis, chairman 


Houston Geological Society Study 
Group Committee 


The Ardmore (Oklahoma) Geological Society met January 29, and elected the follow- 
ing new officers: president, F. P. SCHWEERS, The Texas Company, Box 539; vice-president, 
Pau L. BARTRAM, Phillips Petroleum Company, Box 958; secretary-treasurer, BEN L. 
CurtIs, independent, Box 156; all of Ardmore. 


The Houston Geological Society held a special night meeting, February 8, at the Hous- 
ton Public Library. A. R. McTEE of the Oil Weekly, one of the editors invited to make 
the trip, talked about his visit to the U. S. Navy’s Petroleum Reserve No. 3, Point Barrow 
area, Alaska. At the regular luncheon meeting February 11, at the Texas State Hotel, 
HAROLD HENSLEY, Humble Oil and Refining Company, discussed the engineering prob- 
lems and cycling operations in the Katy field, Waller County. 


Captain Wrtt1aAm R. CAMPBELL has returned to the geological department of the 
Stanolind Oil and Gas Company, Houston, Texas, after serving 2 years in Europe as an 
intelligence officer with General Patton’s Third Army staff. 
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DISTINGUISHED LECTURE TOUR 


T. S. OaKwoop, professor of organic chemistry, Pennsylvania State College, State 
College, Pennsylvania, discussed the ‘“‘Chemical Aspects of the Origin of Petroleum’’ be- 
fore a number of the affiliated societies between March 4 and April 5 in a lecture tour under 
the auspices of the distinguished lecture committee. : 


He appeared before the following groups. 


March 4 Appalachian Geological Society, Charleston, West Virginia 
5 Ohio State University, Columbus 
6 Illinois Geological Survey, Illinois University Group, and Illinois Geological Society 
8 Wyoming Geological Society, Casper 
12 Pacific Section, Los Angeles, California 
13 San Joaquin Geological Society, Bakersfield, California 
18 Tulsa Geological Society, Tulsa, Oklahoma 
19 Bartlesville Geological Society, Bartlesville, Oklahoma (luncheon) 
19 Kansas Geological Society, Wichita 
20 Oklahoma City Geological Society, Oklahoma City 
z1 Shawnee Geological Society, Shawnee, Oklahoma 
22 Dallas Geological Society, Dallas, Texas 
25 West Texas Geological Society, Midland 
26 Texas Technological College, Lubbock 
28 Houston Geological Society, Houston, Texas 
29 South Louisiana Geological Society, Lake Charles 
April 1 Shreveport Geological Society, Shreveport, Louisiana 
4 New Orleans Geological Society, New Orleans, Louisiana 
5 Southeastern Geological Society, Tallahassee, Florida 


J. D. Davres, senior stratigrapher for the Shell Oil Company, Inc., in the Mid-Con- 
tinent area, has resigned to become associated with CLINTON ENGSTRAND in establishing 
the Kansas Sample Log Service. This service will furnish detailed sample logs on all im- 
portant wildcat wells in Kansas on a monthly subscription plan basis. 


Joun Howarp SAMUELL is district geologist and petroleum engineer with the Lane 
Wells Company, Odessa, Texas. Captain Samuell served in the Army Corps of Engineers 
the past 40 months. He was released January 6, 1946, from the 4th AAF, Geiger Field, 
Spokane, Washington. 


RosBert E. Morrison, formerly production geologist for the Cities Service Oil Com- 
pany in the West Texas district office, has resigned to open a consulting office at Abilene, 
Texas. Prior to his work with Cities Service, Morrison did consulting work in Oklahoma. 


Rosert B. CAMPBELL, consulting geologist, formerly with the Humble Oil and Re- 
fining Company and the Peninsular Oil and Refining Company, is removing to 2138 
Biscayne Boulevard, Miami 37, Florida. Here he will add to his oil land and leasing activi- 
ties a general real estate practice in which he will be associated with L. A. (Pat) Casey, 
widely known to oil land and lease holders in the southeastern states. 


Matcotm C. Oakes, field geologist for the Oklahoma State Geological Survey at 
Norman, gave a talk on the “Geology of Haskell County, Oklahoma,” before the Shaw- 
nee Geological Society at a meeting held on February 21, 1946, in the Aldridge Hotel. 
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PROFESSIONAL DIRECTORY 


Space for Professional Cards Is Reserved for 
Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa 1, Oklahoma 


CALIFORNIA 


J. L. CHASE 
Geologist _— Geophysicist 
169 LaVerne Avenue 
LONG BEACH 3 CALIFORNIA 
Tel. 816-04 


Specializing in Magnetic Surveys 


PAUL P. GOUDKOFF 
Geologist 
Geologic Correlation by. Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


VERNON L. KING 
Petroleum Geologist and Engineer 


707 South Hill Street 
Los ANGELES, CALIFORNIA 
Vandike 7087 


A. I, LEVORSEN 


Petroleum Geologist 


STANFORD UNIVERSITY CALIFORNIA 


JEROME J. O'BRIEN 
Petroleum Geologist 


Examinations, Reports, Appraisals 
Petroleum Building 
714 West Olympic Boulevard 
McCartHy & O'BRIEN Los Angeles 15, Calif. 


ERNEST K. PARKS 
Consultant in 
Petroleum and ee Gas Development 
an. 
Engineering Management 
614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 
Western Geophysical Company 


711 Edison Building 
601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


1660 Virginia Road 
Los ANGELES 6, CALIF. 


PArkway 9925 


COLO 


RADO 


A. HEILAND 
Heiland Research Corporation 


130 East Fifth Avenue 
DENVER 9, COLORADO 


HARRY W, OBORNE 


Geologist 


304 Mining Exchange Bldg. 230 Park Ave. 
Colorado Springs, Colo. New York, N.Y. 
Main 5663 Murray Hill 9-3541 


EVERETT S. SHAW 
Geologist and Engineer 


3131 Zenobia Street 
DENVER COLORADO 
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ILLI 


NOIS 


C. E. BREHM Anp J. L. MCMANAMY 


Consulting Geologists 
and Geophysicists 


New Stumpp Building, Mt. Vernon, Illinois 


ELMER W. ELLSWORTH 
Consulting Geologist 
Room 23 Metropolitan Building 
122A North Locust Street 
CENTRALIA, ILLINOIS 
Now in military service 


L. A. MYLIUS 1. Wau. 

Geologist Engineer Geologist 

122A North Locust Street 

Box 264, Centralia, Illinois Mt. Vernon Illinois 
INDIANA KANSAS 


HARRY H. NOWLAN 
Consulting Geologist and Engineer 
Specializing in Valuations 
Evansville 19, Indiana 


317 Court Bldg. Phone 2-7818 


WENDELL S. JOHNS 
PETROLEUM 
GEOLOGIST 


Office Phone 3-0281 600 Bitting Building 
Res. Phone 2-7266 Wichita 2, Kansas 


LOUISIANA 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 
Specializing in Magnetic Surveys 


CYRIL K. MORESI 
Consulting Geologist 


Jeanerette, Louisiana 


oa Phone 59 
Giddens-Lane Building SHREVEPORT, La. Box 126 Phone 484-W 
MISSISSIPPI 

L. B. HERRING G. JEFFREYS , 
logi Geologist Engineer 
Geologist Specialist, Mississippi & Alabama 
Natural Gas Petroleum 100 East Pearl Street 
Box 2415 t P.O. 
Tower BLDG JACKSON, MIssIssIPPI 
. i i illard M. Payne 
ME & MONSOUR R. Merrill Harris Willard M. Pay 


Consulting Geologists 


Frederic F. Mellen E. T. ‘‘Mike’’ Monsour 
Box 2571, West Jackson, Mississippi 
11244 E. Capitol St. Phone 2-1368 


HARRIS & PAYNE 
Geologists 


Phone 4-6286 
or L.D. 89 


100 East Pearl Bldg. 
Jackson, Miss. 


NEW 


YORK 


BROKAW, DIXON & MCKEE 


Geologists Engineers 
OIL—NATURAL GAS 
Examinations, Reports, Appraisals 
Estimates of Reserves 


120 Broadway Gulf Building 
New York Houston 


BASIL B. ZAVOICO 
Petroleum Geologist and Engineer 


220 East 42nd Street 
NEW YORK 17, NEW YORK 
MuUrray Hill 2-6750 
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NORTH CAROLINA OHIO 
RODERICK A. STAMEY JOHN L. RICH 
Geologist 


Petroleum Geologist 


109 East Gordon Street 


Specializing in extension of ‘‘shoestring’’ pools 
University of Cincinnati 


KINsTON NortH CAROLINA Cincinnati, Ohio 
OKLAHOMA 
ELFRED BECK R. W. Laughlin L. D. Simmons 
Geologist WELL ELEVATIONS 
LAUGHLIN-SIMMONS & CO. 
308 Tulsa Loan Bldg. Box 55 615 Oklahoma Building 
TULSA, OKLA. DALLAS, TEX. TULSA OKLAHOMA 


FRANK A. MELTON 
Consulting Geologist 
Aerial Photographs 
and Their Structural Interpretation 


1010 Chautauqua Norman, Oklahoma 


CLARK MILLISON 
Petroleum Geologist 


Philtower Building 
TULSA OKLAHOMA 


P. B. NICHOLS 
Mechanical Well Logging 
THE GEOLOGRAPH CO. 


25 Northwestern 


Oklahoma City Oklahoma 


Henry F. Schweer Geo. P. Hardison 
SCHWEER AND HARDISON 
Independent Consulting 
Petroleum Geologists 


426-28 Waggoner Building 
Wichita Falls, Texas 


JOSEPH A. SHARPE 
Geophysicist 


C. H. Frost GRAVIMETRIC SURVEYS, INC. 
1242 South Boston Ave. Tulsa 3, Okla. 


C. L. WAGNER 
Consulting Geologist 
Petroleum Engineering 
Geophysical Surveys 


2259 South Troost St. 
TULSA OKLAHOMA 


G. H. WESTBY 
Geologist and Geophysicist 


Seismograph Service Corporation 
Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 
L. G. HUNTLEY 
J. R. Jr. 

JAMES F, SwaAIN 
Grant Building, Pittsburgh, Pa. 


TEXAS 


R. H. DANA 
Southern Geophysical Company 
Sinclair Building 
FORT WORTH, TEXAS 


LEAVITT CORNING, JR. 
Consulting Geologist 


Specializing in Magnetometer Surveys ana 
Geological Interpretation of Results 


Milam Building San Antonio, Texas 
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TEXAS 


JOSEPH L. ADLER 
Geologist and Geopbysicist 
Contracting Geophysical Surveys 
in Latin America 
Independent Exploration Company 
Esperson Building Houston, Texas 


CHESTER F. BARNES 
Geologist and Geopbysicist 


Petroleum Bldg. P.O. Box 266, Big Spring, Tex. 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


PAUL CHARRIN 
Geologist and Geophysicist 


UNIVERSAL EXPLORATION COMPANY 
2044 Richmond Road, Houston 6, Texas 


913 Union National Bank Building 
Houston 2, Texas 


CUMMINS, BERGER & PISHNY 
Consulting Engineers & Geologists 
Specializing in Valuations 


1603 Commercial 
Standard Bldg. 
Fort Worth 2, Texas 


H. Cummins 
Walter R. 
Chas. H. Pishny 


E. DEGOLYER 
Geologist 


Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


J. H. DEMING 
Geophysicist 
AMERICAN EXPLORATION 
ASSOCIATES 
Box 6296 Houston, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


J. E. (BRICK) ELLIOTT 


Petroleum Geologist 


108 West 15th Street Austin, Texas 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 
F. B. Porter R. H. Fash 


President "Vice-President 
THE FORT WORTH 
LABORATORIES 


Analyses of Brines, Gas, Minerals, Inter. 


pretation of Water Analyses. Field Gas Testing. 


JOHN A. GILLIN 
National Geophysical Company 
Tower Petroleum Building 


82844 Monroe Street FORT WORTH, TEXAS Dallas, Texas 
Long Distance 138 
CECIL HAGEN SIDON HARRIS 
Geologist Southern Geophysical Company 


Gulf Bldg. HOUSTON, TEXAS 


1003 Sinclair Building, FORT WORTH 2, TEXAS 
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TEXAS 
JO. HILLS 
lori SAMUEL HOLLIDAY 
Consulting Paleontologist 
Midland, Texas Houston, Texas 
Box 418 Phone 1015 Box 1957, Rt. 17 M. 2-1134 
J. S. HupNALL G. W. Pirtis 


PALEONTOLOGICAL LABORATORY 
R. V. HOLLINGSWORTH 
Geologist 


Box 51 Phone 2359 
MIDLAND, TEXAS 


HUDNALL & PIRTLE 
Petroleum Geologists 


Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


JOHN S. IVY 
Geologist 


1124 Niels Esperson Bldg., HOUSTON, TEXAS 


W. P. JENNY 


Consulting Geologist and Geephysicist 


Sustain’ in MICROMAGNETIC SURVEYS, 
EOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
magnetic surveys. 


1404 Esperson Bldg. HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 


KLAUS EXPLORATION COMPANY 
H. KLAUS 


Geologist and Geobbysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 


JOHN D. MARR 
Geologist and Geopbhysicist 


SEISMIC EXPLORATION, INC. 
Gulf Building Houston, Texas 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


ADVANCED EXPLORATION COMPANY 
622 First Nat'l. Bank Bldg. Houston 2, Texas 


BOATRIGHT & MITCHELL 


Consulting Petroleum and Natural Gas 
Engineers and Geologists 


B. B. Boatright and R. B. Mitchell 
Second National Bank Building 


LEONARD J. NEUMAN 
Geology and Geophysics 


Contractor and Counselor 
Reflection and Refraction Surveys 


Houston 2, Texas Capitol 7319 943 Mellie Esperson Bldg. Houston, Texas 
DABNEY E. PETTY J. C. POLLARD 
10 Tenth Street Robert H. Ray, Inc. 
SAN ANTONIO, TEXAS Rogers-Ray, Inc. 
No Commercial Work Undertaken Geophysical Engineering 


Gulf Building Houston, Texas 
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TEXAS 


ROBERT H. RAY 
ROBERT H. RAY, INC. 


Geophysical Engineering 
Gravity Surveys and Interpretations 
Gulf Bldg. Houston, Texas 


F. F, REYNOLDS 
Geophysicist 


SEISMIC EXPLORATIONS, INC. 
Gulf Building Houston, Texas 


JAMES L. SAULS, JR. 
Geophysicist 


ADVANCED EXPLORATION COMPANY 
622 First Nat'l. Bank Bldg. Houston 2, Texas 


W. G. Savittg J. P. SCHUMACHER A. C. PAGAN 


GRAVITY METER EXPLORATION CO. 
TORSION EXPLORATION 


Gravity Surveys 
Domestic and Foreign 


1347-48 ESPERSON BLDG. HOUSTON, TEX. 


HUGH C. SCHAEFFER 
Geologist and Geophysicist 
NORTH AMERICAN 
GEOPHYSICAL COMPANY 
636 Bankers Mortgage Bldg. Houston 2, Texas 


SIDNEY SCHAFER 
Consulting Geophysicist 
Seismic and Gravity 


Supervision, Review, and Interpretation 
1248 Mellie Esperson Building 
Houston 2, Texas 


A. L, SELIG 
Consulting Geologist 


Gulf Building Houston, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 


2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


HARRY C. SPOOR, JR. 
Consulting Geologist 
... Natural Gas 
Houston, Texas 


Petroleum... 


Commerce Building 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 


JAMES F. GIBBS 


Consulting Geologist and 
Petroleum Engineer 


505 City National Bank Building 
WICHITA FALLS, TEXAS 


C. E. HYDE 
Geologist and Oil Producer 
1715 W. T. Waggoner Building 

FORT WORTH 2, TEXAS 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 


217 High Street 
MORGANTOWN WEST VIRGINIA 


E, W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


COLORADO ILLINOIS 
MOUNTAIN 
SOCI ON OF PETROLEUM 
GEOLOGISTS ILLINOIS 
DENVER, COLORADO GEOLOGICAL SOCIETY 
President - - - J. W. Vanderwilt 
1s President - Lee C. Lamar 
Mi dive ildi Comp: 
1st Vice-President Heiland Carter Oil any, Box 568, Mattoon 
eiland Researc Vice-President + Jack Hirsch 
2nd Vice-President - - rt McMillan 
First National Bank Building Secretary Treasarer - Gene Gaddess 


Secretary-Treasurer + 

1024 Continental Oil Building 
scakiniies every Friday noon, Cosmopolitan Hotel. 
Evening dinner (6:15) and program (7:30) first 
Monday each month or by announcement, Cosmo- 
politan Hotel. 


Pure Oil “Company, Olney 
Meetings will be announced. 


INDIANA-KENTUCKY KANSAS 
KANSAS 
INDIANA-KENTUCKY GEOLOGICAL SOCIETY 
GEOLOGICAL SOCIETY WICHITA, KANSAS 
EVANSVILLE, INDIANA President - Harold O. Smedley 
mpany 
President - - + Stanley G. Elder Vice-President Paul A. H: 
Sun Oil Company, Box 717 wcities Service Oil Come 
Vice-President - - - - Hillard W. Bodkin 


The Superior Oil Company 


Secretary-Treasurer - - - + Charles W. Honess 
Gulf Refining Company, Box 774 


Meetings will be announced. 


605 Union National Bank Building 


Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesda = 4 of each month. 
The Society sponsors the Kansas Well Log nem, 
412 Union National Bank Building, and the Kan- 
sas Well Sample Bureau, 137 North Topeka. 


LOUISIANA 


LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, LOUISIANA 


President - - - + + + _B, E, Bremer 
The Texas Company, P.O. Box 252 


Vice-President and Program Chm. - 
Cope! land, Jr. 
The Calitornia Company, 1818 
Secretary-Treasurer 
Humble Oil and Refining Co., 1405 Canal Bldg. 
Meets the first Monday of every month, October- 
May. inclusive, 7:30 P.M., St. Charles Hotel. 
Special meetings by announcement. Visiting geol- 
ogists cordially invited. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


Vice-President - Van D. Robinson 
Atlantic ‘Refining “Company 
Secretary-Treasurer - + - - W. E. Wallace 
Sohio Petroleum Corporation, Atlas Building 


Meets the first Monday of every month, September 
to May, inclusive, 7:30 P.M., Auditorium, State 
Exhibit Building, Fair Grounds. Special meetings 
and dinner meetings by announcement. 


LOUISIANA MICHIGAN 
SOUTH LOUISIANA GEOLOGICAL MICHIGAN 
SOCIETY GEOLOGICAL — 
President - - J. A. Moore University ‘of “Michigan, “Ann, Arbor 
Union Sulphur Company Vice-President - T. J. Weaver 
Vice-President - - - James M. Bugbee Michigan Consolidated Gas Co., Grand Rapids 
Shell Oil Company, Inc. Secretary-Treasurer - - Manley Osgood, Jr. 
Secretary - - - - Lloyd D. Traupe Consulting, 502 S. Arnold | St., Mt. Pleasant 
Ohio Oil ‘Compan Business Manager - - - Harry J. Hardenberg 
Treasurer - - dD. E. Newland Michigan Geological Survey 


Magnolia “Petroleum Company 


Meetings: Dinner and business meetings third 
Tuesday of each month at 7:00 P.M. at the Majestic 
Hotel. Special meetings by announcement. Visiting 
geologists are welcome. 


Capitol Savings and Loan Bldg., Lansing 


Meetings: Bi-monthly from November to April at. 
Lansing. Afternoon session at 3:00, informal din- 
ner at 6:30 followed by discussions. (Dual meetings 
or the duration.) Visiting geologists are welcome. 
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MISSISSIPPI 


OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


President B. Storey 
Union Producing Company J. 
Vice-President - + + + + Frederic F. Mellen 
& Monsour 
Box 2571, W. Jackson Sta. 


Secretary-Treasurer J. B. Wheeler 
Stanolind Oil and Gas Company 


Meetings: First and third Thursdays of each 
—_ from October to May, inclusive, at 7:30 

, Edwards Hotel, Jackson, Mississippi. Visiting 
welcome to meetings. 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


Schweers 


P. 

e Texas Company, Box 539 

: + Paul L. Bartram 
Phillips Petroleum Company 


independent, Box 156 


Dinner meetings will be held at 7:00 P.M. on the 
first Wednesday of month from October to 
May, lackanbess at the Ardmore Hotel. 


OKLA 


HOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President - L. Fillmore 
1216 Petroleum Building 
Vice-President - - + + + Roy D. McAninch 


Secretary-Treasurer + + + + + Carl A. Moore 
Carter Oil Company 
1300 Apco Tower 


Meetings: Technical program each month, subject 
ahoma 


to cal « Program Committee, Ok 
University, 24th and Blackwelder. 
eons: Every second Wednesday, at 12:00 noon. 


Skirvin Hotel. 


SHAWNEE 

GEOLOGICAL SOCIETY 

SHAWNEE, OKLAHOMA 

President - + + Richard D. Buck 

Schlumberger “Well, Surveying Corporation 
Vice-President - - + 4 Smith 
Oklahoma Seismograph Compan: 

Secretary-T: Seo Marcelle 
Atlantic Refining Company, Box 169 


Meets the each month at 8:00 
at the Visiting geologists 
welcome, 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
University of Tulsa 
1st Vice-President - + + Paul E, Fitzgerald 
Dowell, Inc., Kennedy 
2nd . J. Handley 
ll Oil Company, ‘A... 
Treairer - + Glenn R. V. Griffith 
S. Geological 311 
Editor 


Oil and ¢ Gas Journal, = mob 
First and third Mondays, 


ober to May, inclusive at 8:00 P.M., 
vd of Tulsa, Kendall Hall Auditorium. 


President 


TEXAS 


CORPUS CHRISTI GEOLOGICAL 
SOCIETY 


CORPUS CHRISTI, TEXAS 


President - - - + Robert D. Hendrickson 
Tide Water Assoc. Oil Co., es 1008 


Vice-President - - - E. Greenman 
The Texas 


Secretary-Treasurer - - O. G. McClain 
Southern Minerals Corp., “41 N. Broadway 


Luncheons: Every Tuesday (October-May), Brad- 
R lunch ednesday, Petroleum 
Hotel’ 12:03 Special ‘night meet- 
ings, by announcement, 
TEXAS 
DALLAS EAST TEXAS GEOLOGICAL 
ocr 
TYLER, TEXAS 


President - - - + John W. Clark 
Magnolia Petroleum Company, Box 900 
Vice-President - - - - - Willis G. 
DeGolyer and MacNaughton, Continental buldng 
Secretary-Treasurer- + - John M. Cla 
Seaboard Oil Company, 1400 Continental Buil ing 
Executive Committee - - - + Fred H. Wilcox 
Magnolia Petroleum Company 
Meetings: Monthly luncheons by announcement. 
Special night meetings by announcement. 


Presid George Pirtl 
Hudnall & Pirtle, Peoples Bank’ building 


Vice-President - - - Stein 
Tide Water ‘Associated—Seaboard Oil 


Treasurer - T. H. Shelby, Jr. 
umble Oil and Refining Company 
ra, Each week, Monday noon, Blackstone 


meetings Programs will an- 
Visiting and and friends are 
welcome. 


— |_| 
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TEXAS 
FORT WORTH HOUSTON 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS HOUSTON, TEXAS 
Presidemt | - - John H. Wilson Oil and Refining : 
Ind ndent E loration Compan 
2210 Ft. Worth National Bank Bl g. Sheple G. Gray 
Vice-President Edwin Rowse: Consultant, 1713 person uilding 
“Comp 1720 cretary 


Secretary-Treasurer - S. K. Van Steenbergh 
Sinclair Prairie Oil 
Building 


Meetings: Luncheon at noon, Hotel Texas, first 
and third Mondays of each month. Visiting get 

ists and friends are invited and welcome at 
all meetings. 


Treasurer M. M. Sheets 
Stanolind Oil and Gas ‘Company Box 3092 


egular meeting held the second and fourth Mon- 
_ at noon (12 o'clock), Mezzanine floor, Texas 
State Hotel. For any particulars — to the 
meetings write or call the secretary 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 
President - - - + + William Lloyd er 
Magnolia Petroleum Co., Box 2 


Stanolind Oil ‘end Gas Company 
909 Hamilton Building 


Secretary-Treasurer + John R. Davis 
Superior Oil Company, 807 Hamilton Building 


Luncheons and evening programs will be an- 
nounced, 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO, TEXAS 


President - - Harvey Whitaker 
1409 Milam Building 


Vice-President - George H. Coates 
638 Milam Building 


Secretary-Treasurer - Marion J. 
Transwestern Oil Company, 1600 Milam Buldoe 


Meetings: One regular meeting each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


WEST VIRGINIA 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 


Consulting, Box 1385 


Vice-President - W. J. Hilseweck 
Gulf Oil Corporation, “Box 1150 


Secretary-Treasurer - - + + Charles A. Shaw 
Forest Oil Corporation, Box 366 


Meetings will be announced. 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


VIRGINIA 
2605 


President - - + R. B. Anderson 
Columbian “Carbon Company 
Vice-President - - - + + C. EB. Stout 


Parkersburg 

Vice-President Ralph Thomas 
Inland Gas Corp., Ashland, tucky 

Secretary-lreasurer W. B. Maxwell 

nited Fuel Gas ‘Company, “~ 1273 

Editor - - H. J. Simmons, Jr. 
Godtey L. Cabot, ‘Ine., x 1473 

ings: Second Monday, each month, exc 

Jase — and August, at 6:30 p.m., Kanawha 


WYOMING 


WYOMING GEOLOGICAL 
ASSOCIATION 
CASPER, WYOMING 
P. O. Box 345 
President - - + William H. Curry 
‘Atlantic ‘Refining Company 
1st Vice-President - - - + Robert L. Sielaff 
‘Sinclair-Wyoming Oil Company 
2nd Vice-President (Programs) - P. W. Reinhart 
Shell Oil pany, Inc. 
Secretary-Treasurer_ - + David T. Hoenshell 
General Petroleum Corporation 
Informal luncheon meetings every Friday, 12 noon, 
Townsend. Hotel. Visi iting geologists welcome, 
al Meetings by 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


President - - - + Henry C. Cortes 
Magnolia Petroleum Co., Dallas, Texas 


University of Southera California, 


Editor L. L. Nettleton 
Secretary-Treasurer - Green 
Geophysical Service, Serve, 1311 Republic Bank 


Humble Oil & Refining Company, H 


Business Ti 
Texas 
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FIRST IN OIL FINANCING 
1895-1946 


THE FIRST NATIONAL BANK 
AND TRUST COMPANY OF TULSA 


MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 
Telephone L D 101 Dallas, Texas 


RUTHERFORD & COMPANY 
GRAVITY METER SURVEYS 


HOMER RUTHERFORD 
Consulting Geophysicist 


Petroleum Building Phone 7-4859 
OKLAHOMA CITY, OKLAHOMA 


GEOPHYSICAL SURVEYS 


UNIVERSAL EXPLORATION COMPANY 


2044 Richmond Road 
HOUSTON 6, TEXAS 
Paul Charrin, Pres. — John Gilmore, V.P. — C. C. Hinson, V.P. 
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An A.A.P.G. Publication! 


TECTONIC MAP 


Of The 


UNITED STATES 


Prepared under the Direction of the Committee on Tectonics, 
Division of Geology and Geography, National Research Council. 
CHESTER R. LONGWELL, Chairman, PHILIP B. KING, Vice-Chairman 
CHARLES H. BEHRE, WALTER H. BUCHER, EUGENE CALLAGHAN, D. F. 
HEWETT, G. MARSHALL KAY, ELEANORA B. KNOPF, A. I. LEVORSEN, 
T. S. LOVERING, GEORGE R. MANSFIELD, WATSON H. MONROE, J. T. 


PARDEE, RALPH D. REED, GEORGE W. STOSE, W. T. THOM, JR., A. C. 
WATERS, ELDRED D. WILSON, A. O. WOODFORD 


A New Geologic, Map of the United States and Adjacent 
Parts of Canada and Mexico 


Geologic structure, as evidenced and interpreted by a combination of out- 
_ cropping areas, bedrock, surface disturbance, and subsurface deformation, 
is indicated by colors, symbols, contours, and descriptive explanation. 
Igneous, metamorphic, and selected areas of sedimentary rock are mapped. 
Salt domes, crypto-volcanic disturbances, and submarine contours are shown. 


The base map shows state boundaries, rivers, a pattern of cities, and 1- 
degree lines of latitude and longitude. 


The scale is 1:2,500,000, or 1 inch = 40 miles. Printed in 7 colors, on 2 
sheets, each about 40 x 50 inches. Full map size is about 80 x 50 inches. 


PRICE, POSTPAID 
$2.00 rolled in mailing tube 
$1.75 folded in manila envelope 
$1.50 in lots of 25, or more, rolled or folded 


The American Association of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma, U.S.A. 
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Important for Paleontologists and Stratigraphers! 


MIOCENE STRATIGRAPHY 
OF 


CALIFORNIA 


By ROBERT M. KLEINPELL 


This Work Establishes a Standard Chronologic-Biostratigraphic Section 
for the Miocene of California and Compares It with the Typical 
Stratigraphic Sequence of the Tertiary of Europe 


WHAT OTHERS HAVE WRITTEN ABOUT IT 


“In spite of any defects it may have, moreover, many of us suspect that Kleinpell’s 
book is of the kind called epoch-making. If so, in 50 or 100 years it will stand out like 
a beacon among its contem eas “HY and, along with a very few others of them will read 
with a ‘modern’ tang. Oppel’s ‘Die die Juraformation, or Suess’ ‘Die Entstehung der Alpen,’ 
or to go back to the beginning, De Saussure’s ‘Les Voyages dans les Alpes’ may be cited 
among older that are now distinguished by this same tang.” —Ralph 
D. Reed in Journal of Paleontology, Vol. 13, No. 6 i , 1939), p. 625. 


“The Neogene of California is disposed in tectonic about a dozen in number, 
from Humboldt in the north to Los Angeles in the south. About half-way ~pg. Se is the 
Paso Robles basin, and in this lies the Reliz Canyon, which provides the author with his 
type section. The aerial Taye serving as frontispiece shows the area to be ocficiently 
arid to give a practically continuous exposure; but one must admire the painstaking 
determination with which so many successive associations of Foraminifera were col- 
lected, identified and tabulated. Such labour would scarcely have been thought of with- 
out the stimulus which the search for oil has given to the detailed study of Foraminifera. 

“This should be the standard work on the Miocene of California for years to come.” 
A.MLD. in Nature, Vol. 144 (London, December 23, 1939), p. 1030. 


450 pages. 
14 line drawings, including correlation chart in pocket. 

22 full-tone plates of Foraminifera. 

18 tables (check lists and range chart of 15 pages). 
Bound in blue cloth; gold stamped; paper jacket; 6x9 inches. 


PRICE: $5.00, POSTPAID 
($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATE MEMBERS) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


a 
re 
e 
Es 


smic and gravity NOW operating in all parts of the 


United States and in South America. Western service is available for surveys in any part of 


the world. inquiries are invited. 


research facilities in the world together. with whexcelied equipment experienced field crews 
requirement of operators desiring a-¢omplete and well-rounded geophysical’ service. 
, 
DISON BLDG. LOS ANGELPS 13, CALIF FIRST NATIONAL BANK BLDG., DALLAS 2, TEXAS 
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MPLE MACHINE 


STANDARD EQUIPMENT 
ON ALL SHALE SEPARATORS 


In addition to doing a thorough job of reconditioning drilling mud, the Thompson 
Shale Separator provides geologists with accurate foot by foot samples of cuttings 
and mud. By pushing a lever, part of the flow of mud is diverted into the Sample 
Machine. Here the mud is separated into ... shale and abrasives .. . drilling mud 

. and deposited into two, easily accessible, catch basins. Many operators claim 
this alone is worth the entire cost of the Thompson Separator. Look for the Sample 
Machine on the Thompson Separator . . . it's the field-tested method of obtaining 
dependable samples. 


THOMPSON TOOL CO. 


IOWA PARK, TEXAS 


KEEPS DRILLING MUD CLEAN — PROVIDES TRUE SAMPLES OF CUTTINGS 


Push 
[ere y | 
Of by OU have 
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xxiv 
TRIANGLE BLUE PRINT & SUPPLY COMPANY 
Representing Plant 
W. & L. B. Gurley Repaired 
@ Spencer Lens American Paulin 


12 West Fourth Street, Tulsa, Oklahoma 


TECTONIC MAP OF SOUTHERN CALIFORNIA 
By R. D. Reep Anp J. S. 


In 10 colors. From “Structural Evolution of Southern California,” BULL. A.A.P.G. (Dec., 1936). 
Scale, % inch = 1 mile. Map and 4 structure sections on strong ledger paper, 27 x 31 inches, rolled in 


tube, postpaid, $0.50. 


The American Association of Petroleum Geologists, Box 979, Tulsa 1, Oklahoma 


The Society of 
Exploration Geophysicists 


Hamilton, Texas 


can supply back numbers of GEOPHYS- 
ICS to members at $1.00, to non-members 
at $2.00 per copy (to foreign addresses, 
20 cents per copy extra in either case) 


as follows: 


Vol. VI, No. 1, 1935, Jno. of Society of 
Petroleum Geophysicists 


Vol. I, 1936, to and including Vol. X, 
1945, GEOPHYSICS, except for fol- 
lowing out-of-print issues : 


No. 1 of Volumes I, VIII, IX, and X 


No. 2 of Volumes IIT and X 


The Annotated 
Bibliography of Economic Geology 


Vol. XVI 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. No. 1 of Volume 
XVI is in press. Volumes I-XV can still 
be obtained at $5.00 each. 

The number of entries in Vol. XV is 
1744. 

Of these, 381 refer to petroleum, gas, 
etc., and geophysics. They cover the 
world, so far as information was avail- 
able in war time. 

If you wish future numbers sent you 
promptly, kindly give us a continuing 
order. 


An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 


Economic Geology Publishing Co. 
Urbana, Illinois, U.S.A. 


AERIAL PHOTOGRAPHY 
RECONNAISSANCE MOSAICS 
PRECISE AERIAL MOSAICS 


TOPOGRAPHIC SURVEYS 


For information write Department H 


Sy, AERO SERVI 


PHOTOGRAMMETRIC ENGINEERS 
236 E. Courtland Street, Philadelphia 20, Penna. 


CE CORPORATION 


Since 1919 


J 
/ . 
~ 
INS 
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Seismic has helped numerous operators find the 
right answer to this soliloquy. Experience gained 
from more than a decade of operations, cover- 
ing hundreds of seismograph surveys, enables 
our seismologists to correctly interpret field 
records . . . to condemn or approve acreage 


with a high degree of accuracy. 


SEISMIC EXPLORATIONS, Incorporated 
Golf 


SUBSURFACE SURVEYS 


(curately 


(Werk >. to drill or not to 
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| — RADIOACTIVITY WELL LOGGING 


2 — GUN PERFORATING 


3 — PACKERS, LINER HANGERS, BRIDGING PLUGS 
* Call Lane-Wells and have the job done right! 


Tomorrow Toole Today / 


4 
GENERAL OFFICES, EXPORT OFFICE AND 


$610 South Soto Sr. Los Angeles 11, 


XXV1 


> 
= 


STONE EXPLORATION 


COMPANY 


Key 
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OLD DRILLING PROBLEM 
YIELDS TO 


Anhydrite and gypsum contamination, basic 
cause of many cases of stuck drill pipe, can 
be overcome by the use of ANHYDROX. 

Extremely simple to use, ANHYDROX 
presents no danger from overtreatment. In 
fact, the mud can be pre-treated without 
changing the original mud characteristics. 
Pre-treatment will prevent these contami- 
nating chemicals from causing flocculation 
or an increase in viscosity, water loss or 
cake thickness. 

ANHYDROX also may be used success- 
fully to treat muds already contaminated 
by anhydrite and gypsum. By either method, 
the flocculating effects of these contami- 
nants can be quickly overcome. 

ANHYDROX already has 
saved operators many thousands 
of dollars and days of drilling 
time in areas where anhydrite 
and gypsum are encountered. 


PATENT LICENSES unrestricted as to sources 3 A R oO id D 


of supply of materials, a on royalty bases, will be 


granted to resp panies and others de- 
siring to practice the be matter of any and /or 


all of United States Patents Numbers 1,807,082; 


1,991,637; 2,041,086; 2,044,758; 2,064,936; NATIONAL LEAD COMPANY 


2,094,316; 2,119,829; 2,214,366; 2,294, 877; 2,304,- 


256;* improve- BAROID SALES OFFICES: 
ments thereof. Applications for Licenses should be 
made to the Los Angeles office. LOS ANGELES 12 e TULSA 3 e HOUSTON 2 


BAROID PRODUCTS: ANHYDROX, AQUAGEL, AQUAGEL CEMENT, BAROCO, BAROID, FIBERTEX,IMPER- 
TOX, ‘STABILITE, ZEOGEL, TESTING EQUIPMENT, BAROID WELL LOGGING SERVICE 


: 
& ; SKS 
& 
0 
: 
SALES DIVISION 
— 


UTHERN 


FIELD SURVEYS — Our techni- 

cal staff has over a hundred 

crew years of diversified expe- 

rience in conducting and inter- 

preting seismic field surveys. 

Latest type instruments from 

the laboratories of recognized 

leading manufacturers and 

m™ highly trained experienced 

personnel are at your service 
to go anywhere. 


EXPERT REANALYSIS OF 
SEISMIC DATA-—Southern Geo- 
physical Company also offers 
an interpretative service em- 
ploying highly skilled expe- 
rienced seismologists for the 
reanalysis of seismic data 
recorded by any company. 


: : 
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SEOPHYSICAL 


EDIFICIO REPUBLICA 
CARACAS, VENEZUELA... 
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BAKER 


Cable Tool — 
CORE BARRELS 


are still 
YOUR BEST BET 


fo take cores 
like these 


Have you tried one lately? 


BAKER OI/L TOOLS, INC. 


Houston ¢ Tulsa Los Angeles New York 


‘En q \ 
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Here’s why drillers get 
more footage per day 


wih Fedralite 


plastic shot hole casing 


Fedralite is the logical shot hole casing to use, because it 
is specially made to meet the requirements for drilling and 
jetting operations. It is a light-weight, new, clean, smooth 
product that is easy to handle, easy on men and equipment. 
Its light weight speeds up drilling, increases footage of 
holes per day. Excellent recovery keeps costs low. Here 
are features that crews like: 


1 Factory-threaded:—3 threads 4 Ample strength for all hand 


per inch; lengths quickly drilling and jetting opera- 
joined with smooth-fitting tions. 

Thread-tite sheet metal coup- 

lings. 


& In regular use by many crews 
in various types of territory in 


Z Light in weight: standard 10- 


foot length weighs only 834 
pounds. No danger of strains 


or injuries in handling. 6 Specially suited for use in 

foreign fields with difficult 

3 New, clean, smooth: no burrs, problems of transportation 

sharp edges, or rough spots to over hilly, swampy, or over- 
injure hands. grown land. 


Order from Stock at these Points 


CHICAGO, ILLINOIS DALLAS, TEXAS NEW ORLEANS, LA. 
8700 S. State Street 1902 Field Street 730 St. Charles Street 
JENNINGS, LA. BROOKHAVEN, MISS. HOUSTON, TEXAS 

Phone 430 Southern Wholesale Co. 405 Velasco Street 


FEDERAL ELECTRIC COMPANY, INC., of TEXAS 


225 North Michigan Avenue, Chicago |, Illinois. Phone STAte 0488 


CASING 


FEDELCO LIQUID PLASTIC COATII 
At ADVERTISING SIG 


FEDELCO P 


TIC PIPE. 


— 
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Schematic diagram of one 
method of application. 


IN MULTIPLE 
REFRACTION METHODS 


As a result of advanced field equipment and im- 
proved instrumentation it is now possible to re- 
cord, on one oscillogram, several refracted events 
with one charge of dynamite. With charges rang- 
ing from 20 to 100 pounds per shot it is possible 
to profile continuously about 20 miles in a fifty 
hour week. 


With this improved multiple refraction method it 
is possible in some instances to determine the 
velocities, depths and dips, of certain geological 
horizons that cannot be determined by the usual 
refraction or reflection method. The refracted wave 
is registered on the oscillogram so that its inde- 
pendent character is readily discernible and the 
interpreter can identify each event as being a cer- 
tain geological horizon. In Southern Florida, for 
instance, with the aid of this accurate field data, 
cross section profiles were constructed that gave 
depths to two limestones having different vaio: 
ties and another geological horizon with a very 
much higher velocity. 


OFFICE 943 Mellie Espersen Bidg. 


j 
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i 
| 
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GEOPHYSICAL LOUNSELOR & CONTRACTOR 


ADVANTAGES OF IMPROVED 
MULTIPLE REFRACTIONS 


More economical than the usual reflection 
method of finding geological struct 
Provides data for correcting velocity of 
formation from ground surface to deepest 
horizon being followed. 

In areas like Edwards Plateau, West Okla- 
homa, and Southern Florida, two or more 
geological horizons can be profiled con- 
tinually on the subsurface. 

Determines velocities of certain intermedi- 
ate geological horizons when it is impos- 
sible to do so with usual refraction or re- 
flection method. 
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THE NEW 


MrCallough 


The photograph on the left shows a section of 7” O.D. 26 lb. 
Grade N-80 Casing, gun-perforated by McCullough under fluid 
at a depth of 3,000 feet. Note the clean, completely burr-less 
holes punched by McCullough’s BURR-LESS Streamlined 
Armor-Piercing Bullets ...no burrs to scrape away, no damage 
to swabs, packers or other close-fitting tools—and FULL pene- 
tration into the formation! And note also the EXACT SPACING 
provided by the method McCullough has ALWAYS used: all 
shots fired at the same instant while the gun is at rest in the 
EXACT specified location in the well. 


McCullough 


McCULLOUGH TOOL COMPANY. 5820 South Alomedo Street, Los Angeles 11, Co 
Export O Rockefeller Ploro, New York 20,N.Y 
PORT LA LAUREL MISSISSIPPI BAKE 
TEX CASPER WYO AVENAL CALI 
HCE. TEXAS LAKE CHARLES LA vers ANGELES CALIF. SACRAMENTO, 
HOBBS NM OKLAHOMA CiTY OKLA 
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= GEOPHYSICAL SURVEYS 
Offered 


~ to the Oil Industry 
— on a Contract Basis 


: SEISMOGRAPH 
4 GRAVIMETER 

MAGNETOMETER 


EXPLORATION COMPANY 


HOUSTON, TEXAS 


Laboratories and Shop 
1922 West Gray St. 
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C. H. FROST GRAVIMETRIC 
SURVEYS, INC. 


C. H. Frost, President Joseru A. Vice-President 


GRAVIMETERS manufactured under license from Standard Oil 
Development Company } 


GRAVIMETRIC AND MAGNETIC SURVEYS carefully con- 


ducted by competent personnel 


GEOLOGIC INTERPRETATION of the results of gravimetric 


and magnetic surveys 


Tulsa 3, Oklahoma 


1242 South Boston Avenue 


JOURNAL OF PALEONTOLOGY 
JOURNAL OF SEDIMENTARY PETROLOGY 


Annual Non-Member 


Annual 


S.E.P.M. Dues Subscription 
JOURNAL OF PALEONTOLOGY $5.00 $6.00 
JOURNAL OF SEDIMENTARY 
PETROLOGY 3.00 3.00 
BOTH JOURNALS 8.00 9.00 


BACK VOLUMES AT HALF PRICE 
TO MEMBERS AND SUBSCRIBERS 


Per Vol. 
Jour. Pal., Vol. 1 (1927) unavailable 
Vol. 2 (1928)—Vol. 8 (1934), each complete, 4 Nos. ............. $3.00 
Vol. 9 (1935)—Vol. 11 (1937), each complete, 8 Nos. ............ 3.00 
Vol. 2 (1932)—Vol. 7 (1937) each complete, 3 Nos. .............. 1.50 


BACK VOLUMES AT REGULAR PRICES 


Jour. Pal., Vol. 12 (1938)—Vol. 19 (1945), each complete, 6 Nos. ............ $6.00 
Sed. Petr., Vol. 8 (1938)—Vol. 15 (1945), each complete, 3 Nos. ............ 3.00 - 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
BOX 979, TULSA 1, OKLAHOMA 


XXXViil 
= 
= 


Bulletin of The American Association of Petroleum Geologists, March, 1946 


‘OIL IS WHERE THE 


"Seismic Equipment is known throughout the world for accuracy... 
teliability...and ease of Se amanen Equipments from 6 trace portable to 
atalog and 


Heiland Research Corporatio 
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Speed-Up 
ALL FIELD 
SURVEYS 


Use the 
PAULIN 

Surveying 
Aneroid 


Preliminary surveys for highway construction, drainage and irrigation systems, dams, 
water lines, mine ventilation surveys, all divisions of civil engineering are speeded up 
by the NEW Paulin Precision Surveying Aneroid. Readings to two feet over a range 
of 4360 feet are as easy as reading a watch. Other models cover ranges to 18,000 feet. 
Write for complete literature and FREE COPY of the Paulin Altimetry Manual also 
full information on Paulin Precision Barometers. 


AMERICAN PAULIN SYSTEM 


1847 SOUTH FLOWER STREET 
LOS ANGELES 15, CALIFORNIA 


‘a | 
| 
| 
‘ : 


built Seismic Equipment 
is now operated in most oil produc- 
ing regions of the World. This choice 
of the Leaders in the Industry prove 
its Superiority. E.L.1. Customers read 
like the “Blue-Book” of the Oil 
Industry. 


DRILL TRUCKS RECORDING TRUCKS 

WATER TRUCKS DYNAMITE TRAILERS 

SHOOTING TRUCKS DRILL BITS 
Delivery on Seismic Equipment 


now approximately 60-90 days. 


jinecring Laboratories, Jnec. 


pecting Equipment of Finest Quality Pcl 
. 
E. L. i. 24-Tr 
ace Instrument Panel 


Geophysics 
J. J. Jakosky, Se. D. 


Original and important geophysical 
information for mining and _ petro- 
leum engineers, supervisors and pro- 
duction men of mining and oil com- 
panies, geologists, geophysicists, pros- 
pectors, patent attorneys and others. 
Dr. Jakosky, a nationally known 
authority in Engineering Education 
and Geophysical Research, was aided 
by staff of 32 nationally known geo- 
physicists in compiling this book. 
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POSSIBLE FUTURE 
OIL PROVINCES 
OF THE 
UNITED STATES 
AND CANADA 


A symposium conducted by the Research Com- 
mittee of The American Association of Petro- 
leum Geologists, A. I. Levorsen, chairman. 
Papers read at the Twenty-sixth Annual Meeting 
of the Association, at Houston, Texas, April 1, 
1941, and reprinted from the Association Bulle- 
tin, August, 1941. 


Edited by 
A. I. LEVORSEN 


154 pages, 83 illus. 
Price, $1.50, Postpaid 
($1.00 to A.A.P.G. members and 

associate members) 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 
Box 979, Tulsa 1, Oklahoma 


A Complete Compilation 


Geophysien! Techniques 


Describes and illustrates the funda- 
mental theories, detailed descriptions 
of instruments, equipment and field 
techniques of the recognized explor- 
atory geophysical methods and appli- 
cations to problems of economic ge- 
ology. 430 illustrations; 786 pages, 
easy to read. Already adopted as text- 
book by many leading universities. A 
standard reference book of all times. 
Sold with privilege of return for full 
credit. 
ORDER YOUR COPY NOW 


EXPLORATION GEOPHYSICS 
1063 Gayley Ave., Los Angeles 24, Calif. 


STRATIGRAPHIC 
TYPE OIL FIELDS 


Original Articles 


By 52 Authors 
Edited by A. I. Levorsen 


902 pp. 
300 illus. 
227 references 
Bound in blue cloth. 
PRICE, $5.50 
($4.50 to Members) 
THE AMERICAN ASSOCIATION 


OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA 
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ADVANCED 


EXPLORATION 
COMPANY 


GEOPHYSICAL SURVEYING 


Spearpoint of the Petroleum Industry 
For ADVANCED 


Seismic Equipment and 
Technique 


CALL ADVECO F-8007 


622 FIRST NATIONAL BANK BUILDING 
HOUSTON 2, TEXAS 


Cc. W. BOCOCK, II! GEO. D. MITCHELL, JR. JAMES L. SAULS, JR. 
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AVAILABLE PUBLICATIONS OF 


The American Association 


of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma 


Geologic Map of Cuba. Compiled by J. Whitney Lewis. Folded paper sheet, 
24 x 10 inches. Scale, 3/16 inch = 10 miles. Geologic column on same sheet. 
From Lewis’ “Geology of Cuba,” in June, 1932, Bulletin 


Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 15 
half-tone plates, 41 line drawings, 9 tables. 6 x 9 inches. Cloth. To mem- 
bers and associates, $3.50 


Areal and Tectonic Map of Southern California. By R. D. Reed and J. S. 
Hollister. In 10 colors. From “Structural Evolution of Southern Cali- 
fornia,” December, 1936, Bulletin. Scale, % inch = 1 mile. Map and 4 
structure sections on strong ledger paper, 27 x 31 inches, rolled in tube 


Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp.; 14 
line drawings, including a large correlation chart; 22 full-tone plates of 
foraminifera; 18 tables (check lists and a range chart of 15 pages). 6 x 9 
inches. Cloth. To members and associates, $4.50 


Stratigraphic Type Oil Fields. Symposium of 37 papers by 52 authors. 
902 pp., 300 illus., 227 references in annotated bibliography. 6 x 9 inches. 
Cloth. To members and associates, $4.50 


Source Beds of Petroleum. By Parker D. Trask and H. Whitman Pat- 
node. Report of investigation supported jointly by the American Pe- 
troleum Institute and the Geological Survey of the United States Depart- 
ment of the Interior from 1931 to 1941. 566 pp., 72 figs., 151 tables. 6 x 9 
inches. Cloth. To members and associates, $3.50 


Possible Future Oil Provinces of the United States and Canada. Association 
research committee. Reprinted and repaged from August, 1941, Bulletin, 154 
pp., 83 figs. 6 x 9 inches. Paper. To members and associates, $1.00 


Tectonic Map of the United States. Prepared under the direction of the 
Committee on Tectonics, Division of Geology and Geography, National Re- 
search Council. Scale, 1 inch = 40 miles. Printed in 7 colors on 2 sheets, 
each 40 x 50 inches. Folded, $1.75. Rolled in tube 


Bulletin of The American Association of Petroleum Geologists. Official monthly 
publication. Each number, approximately 150 pages of articles, maps, 
discussions, reviews. Annual subscription, $15.00 (outside United States, 
$15.40). Descriptive price list of back numbers on request. 


(Prices, postpaid. Write for discount to colleges and public libraries.) 


xliv 
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1936 
4.50 
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1942 
4.50 
1.50 
1944 
2.00 


Bulletin of The American Association of Petroleum Geologists, March, 1946 


Dependable-Accurate 


Back-Pack Portability 


NORTH AMERICAN 
GRAVITY METER 


Many of these meters have never required repairs or 
service through their long use in the field, an extremely 
valuable advantage when being used in isolated loca- 
tions or foreign fields. 

Their high degree of accuracy is demonstrated by the 
experience of unbiased operators as well as our own 
crews. In one survey a group of base stations checked 
within .01 milligal of the original values established a 
year earlier by a different North American Gravity 
Meter. 

The Gravity Meter can be carried on a back-pack by 
one man or mounted in a passenger car or jeep. Read- 
ings can be made in less than two minutes by extend- 
ing the tripod through the car floor. 

GRAVITY METER FIELD PARTIES ARE AVAILABLE FOR 
DOMESTIC OR FOREIGN SERVICE. WE INVITE CORRESPOND. 
ENCE FROM THOSE DESIRING TO MAKE SURVEYS IN THIS 
COUNTRY OR FOREIGN LANDS. 


NORTH AMERICAN 
GEOPHYSICAL COMPANY 


tic—Seismic Surveys . . . Geophysical Apparatus 
“ Bankers Mortgage Building, Phone Charter 4-3523 
HOUSTON 2, TEXAS 
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BASE-MAP_ SERVICE 
COVERING 


ALL NORTH AMERICA. 


THE CARIBBEAN, AND THE CONTINENTAL SHELF 


at 


Y WY Yy 


ALL MAPS on Scales of 
1:1,000,000, and smller, 
Contours on 


show 
me 00 Pa’ 


‘eet, 
ters, or thoms. 


Y 
INDICATES Areas Published on Scales of 
111,000,000, 1:2,500,000, and 1:3,168,000. 
YY These Maps show Counties, or Equivalent 
Cana 


Political Sub-Divisions, Principal Towns, Township 
and ag Lines and Numbers (In the Federal-Land- 
— tates, and in the West 

location ° 


\ 
INDICATES Areas Published on the Scale o 


ae l_inch to 1 mi 
Oi) and Gas Fatt ion @lso shows the 
as Producing Areas. 


There is also a County-outline Edition, 
«Showing only Counties and County-seat towns. 


le in County-units and quadrangles. 
es show Sections, Land Surveys, 
Towns, Railways, the Larger Streams, Oil and Ges 
Holes. 
INDICATES Areas in Course 


Total depth of dry-holes 
and Name: 
They can also be 
of Preparation 
12 On same scales as above. Z2i 


furnished as Plain Base-maps without wells. 
All are drawn on « uniform plan, scale and 
go thet can be printed or assembled in an 
“infinite variety of inations. 


PS shown here can be printed in SPECIAL STRIPS AND 
QUADRANGLES, and on SPECIAL SCALES, te any S$ 
at a moderate extra cost. 


PECIAL REQUIREMENTS, 
Write for detailed index-maps and 
price lists. 


PUBLISHED BY 
P.O. BOX 
1773. 


GEO F KELLY 
TULSA. OKLA. 
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THERE IS NO 
SUBSTITUTE 
FOR EXPERIENCE 


R ANT ARS WE HAVE BEEN 
|AKING AND INTERPRETING GRAVITY SURVEYS 
4E PETROLEUM PROVINCES OF THE 


AT EXPERIENCE IS AVAILABLE TO 


UR ASSURANCE OF ACCURATE 


RPR 
ETED. 


GRAVITY METER 
EXPLORATION CO. 
geophysicists 


ESPERSON BLDG. ¢ HOUSTON, TEXAS 


W. G. Saville A. C. Pagan J. P. Schumacher R. Y. Pagan 
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FIELD 


WESTERN CANADA 
, 500 


MILES 


1944 Printing in Paper Covers. Handy to Take with You 


POSSIBLE FUTURE OIL PROVINCES OF 
THE UNITED STATES AND CANADA 


CONTENTS 
By A. I. Levorsen 


By Philip S. Smith 

By Alberta Society of Petroleum Geologists 

Pacific Coast States By Pacific Section, American Association of Petroleum Geologists 
Rocky Mountain Region By Rocky Mountain Association of Petroleum Geologists 
Northern Mid-Continent States By Tulsa Geological Society 
West Texas By West Texas Geological Society 


Eastern Canada By Geological Survey of Canada, Quebec Bureau 
Dm Mines, and Newfoundland Geological Survey 


Eastern United States By Appalachian Geological Society 
Southeastern United States By Mississippi Geological Society 


154 pp., 83 figs. Paper cover. 6 x 9 inches 
Reproduced by photo offset process from original printing of 1941 


PRICE, $1.50, POSTPAID ($1.00 TO MEMBERS AND ASSOCIATES) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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R. W. LAUGHLIN L. D. SIMMONS 


WELL ELEVATIONS 


[LAUGHLIN-SIMMONS & 


Oklahoma, Texas, Kansas, New Mexico, 
Louisiana, Arkansas, Illinois, Indiana, — 
Kentucky, Mississippi 


GENERAL OFFICE: 
OKLAHOMA BLDG.—TULSA, OKLAHOMA 
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“Much has been written on the origin of oil... 
little on the nature of the substances from which it is derived." 


SOURCE BEDS 
PETROLEUM 


BY 


PARKER D. TRASK AND H. WHITMAN PATNODE 


REPORT OF INVESTIGATION SUPPORTED JOINTLY BY THE AMERICAN 
PETROLEUM INSTITUTE AND THE GEOLOGICAL SURVEY OF THE 
UNITED STATES DEPARTMENT OF THE INTERIOR FROM 
1931 TO 1941 


This report presents results of the American Petroleum Institute Research 
Project No. 4 on the origin and environment of source beds of petroleum. The 
work was carried on under the supervision of an Advisory Committee on which 
the following men have served: R. F. Baker, B. B. Cox, F. R. Clark, K. C. Heald, 
W. B. Heroy, L. P. Garrett, F. H. Lahee, A. W. McCoy, H. D. Miser, R. D. Reed, 
and L. C. Snider. 


“Criteria for recognizing rocks that generate oil would help materially in pros- 
pecting for petroleum.” 


“The main object of this study of lithified deposits has been to determine 
diagnostic criteria for recognizing source beds.” 


@ 566 pages, with bibliographies and index 
@ 72 figures, 152 tables 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.50, POSTPAID 


($3.50 TO A.A.P.G. MEMBERS AND ASSOCIATE MEMBERS) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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AT ANY DEPTH OR FORMATION WITH | 
REED ‘BR’ Wxe = 


WERE TAKEN AT A : | 
DEPTH OF 12,856 FT. | 

WITH THE fe | 
REED “BR” ys ij. 


CORE DRILL 


For conventional coring the Reed Kor-King, with its simplified construction, has 
advantages for uniformly good coring not to be found in any other core barrel. 
The Reed “BR” Wire Line drilling and coring outfit has proved itself in fields 
throughout the world and is especially adaptable to drilling slant holes, for 


those operators doing directional drilling work. 


| 
| 
| 
| 
q 
| 
| 
SSeS 
HOUS TON 1, TEXAS 


Bulletin of The American Association of Petroleum Geologists, March, 1946 


Ine. 


VICE 


SEISMIC SURVEYS 


A 

j 

| 


Bulletin of The American Association of Petroleum Geologists, March, 1946 


TOOL COM 


“HOUSTON, TEXAS 


BR 
—— 
L 


